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SOME CONCEPTS OF ORE DEPOSITS REFLECTED IN 
TEXTBOOKS SINCE 1900? 


JOSEPH T. SINGEWALD, JR. 


HE who attempts to write a history of ideas ventures upon treacherous ground. 
The farther back one delves into the literature, the farther back he finds the 
beginnings of ideas must be dated. However, as one looks back over the devel- 
opment of the science of ore deposits, one finds there have been “renaissances.” 
There have been times when ideas that have been as unheeded as a voice in 
the wilderness or that seem to have been completely dormant have suddenly 
become the subject of lively interest and discussion and have supplanted the 
concepts that had been orthodox. A renaissance that spurred the establish- 
ment of modern basic principles on the nature and origin of ore deposits oc- 
curred at the turn of the century. That renaissance was marked also by a 
geographic change. Leadership in advancing the science of ore deposits shifted 
from Europe to the United States. Thus Professor Klockmann of Aachen, 
reactionary to the trend, complained in 1904 (Zeitschrift fiir praktische Ge- 
ologie): “. . . the newer literature of economic geology . . . is dominated by 
theoretical views of one-sided and radical nature.... .. . those criteria 
alone are preferred which permit attributing the ore content not alone in its 
ultimate source, but as an immediate result of the solidification of an igneous 
rock occurring in the vicinity or even merely presumed to occur. .. . there 
is a spirited contest between the economic geologists on both sides of the ocean. 
It seems, however, that the prize will go to the Americans.” 

The task of keeping abreast of current literature and the urgent concentra- 
tion on ore finding and procurement of necessary mineral supplies leave little 
time today to devote to the history of the science of ore deposits. When one’s 
academic career has spanned the last half century, he has had the good fortune 
to have lived through much of the development of the concepts. He has had 
personal contact with those who brought about the renaissance. Because the 
names and the works of those who in their time were foremost in the science 
are otherwise gradually lost in the past, under the inexorable “sic transit gloria 
mundi,” it is fitting to retell the story. 


1 Presidential Address, Society of Economic Geologists, New Orleans, Nov. 1955. 
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In 1900 the only current discussion of the principles of ore deposits in a 
textbook by an American author was the introductory part of Kemp’s “Ore 
Deposits of the United States and Canada,” then in its 1900 third edition, the 
first edition having been written in 1892. Kemp’s classification of ore de- 
posits, described by him when first drawn up in 1892 as unique in being a 
purely genetic one, comprised three groups: 1. Of Igneous Origin, 2. De- 
posited from Solution, 3. Deposited from Suspension. Recognized as of ig- 
neous origin were only those characterized as “excessively basic developments 
of fused and cooling magmas.” Under deposited from solution was a division 
designated : “Contact Deposits. Igneous rocks always form one wall. Fu- 
meroles. (Greisen).” Deposits of tin ore which have been especially de- 
veloped along the contacts of granite intrusions were cited as the classic illus- 
tration. In discussing this division, however, Kemp stated “in the more char- 
acteristic ‘contact deposits’ the igneous rock has apparently been a strong pro- 
motor of ore-bearing solutions, and has often been the source of the metals 
themselves.” 

The immediate predecessor to Kemp’s text in the United States had been 
Prime’s translation as far back as 1868 of the 1859 second edition of Von 
Cotta’s “Treatise on Ore Deposits.” 

A more comprehensive text published in 1900 was “Lehre von den Erz- 
lagerstatten” by Beck. A second edition in 1903 was translated into English 
in 1905 by Weed under the title “The Nature of Ore Deposits.” It at once 
became a widely-used and repeatedly-cited work in the United States. Beck 
divided ore deposits into Primary and Secondary. The secondary deposits 
included residual and placer, corresponding to Kemp’s deposited from suspen- 
sion. The primary combined Kemp’s two groups of igneous origin and de- 
posited from solution, which Beck subdivided into two groups on the basis of 
the relative ages of the deposit and the enclosing rock, designated Syngenetic 
and Epigenetic. The syngenetic included the two extreme genetic types of 
magmatic segregations and sedimentary deposits. The magmatic segregations 
were not restricted, however, to basic magmas; as were Kemp’s. In his epi- 
genetic deposits Beck recognized contact metamorphic deposits in carbonate 
rocks, but gave them only a random position between replacement deposits 
and irregular cavity fillings. 

During the years 1904 to 1906 there appeared a two-volume text, published 
as Stelzner-Bergeat: “Die Erzlagerstatten,” in which ore deposits were di- 
vided essentially as did Beck, but with some differences in terminology. In- 
stead of primary and secondary, Bergeat used the terms “Protogene” and 
“Deuterogene.” The deuterogene were likewise divided into residual and 
placer, but were called “eluvial placers” and “alluvial placers.” The proto- 
gene were divided, as did Beck, into syngenetic and epigenetic. The syn- 
genetic comprised the same two extreme genetic types, designated by Bergeat 
“eruptive deposits” and “bedded sedimentary deposits.” The subdivision of 
the epigenetic deposits was less random than Beck’s in that filling deposits 
(veins and irregular cavity fillings) were placed in one group and metasomatic 
deposits in another group in which contact metamorphic deposits were also 
given only a random position. 
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Though the genetic position of contact metamorphic deposits was not re- 
flected in their classifications, both Beck and Bergeat recognized the genetic 
nature of those deposits. Thus Bergeat wrote the ores are a differentiate from 
the magma that entered the adjacent rock under metasomatism. Beck said 
there is a very close genetic relationship between the contact metamorphic de- 
posits and magmatic segregations, in both types the metal content being de- 
rived from the magma. In the translation Weed added “Hence W. H. Weed 
has very properly assigned to the contact metamorphic deposits a place imme- 
diately after the magmatic segregations.” Beck’s repetition of this credit of 
priority to Weed in his 1909 third edition brought him a rebuke from Beysch- 
lag, Krusch and Vogt who pointed out this had been done by Vogt ten years 
earlier. 

The bases of these two treatises were so much alike because both presented 
what Stelzner had taught at the Freiberg School of Mines. Bergeat had been 
Stelzner’s assistant and Beck was his successor at Freiberg. Stelzner, more- 
over, had closely followed the concepts of Von Groddeck of the Clausthal 
School of Mines as published in 1879 in “Die Lehre von den Lagerstatten der 
Erze,” merely modifying the terminology. Von Groddeck used the term meta- 
morphic instead of metasomatic and included in that division a “Typus Chris- 
tiana” equivalent to contact metamorphic. 

The principles of ore deposits as set forth in textbooks remained essentially 
the same, therefore, from 1879 to 1906, with only meager and vague incor- 
porations of the advances that had been recorded in the literature. 

\t the same time that Beck and Bergeat were writing their treatises, there 
was staged by the Geological Society of Washington a debate on ore deposits 
participated in by the most active and distinguished American economic geolo- 
gists of that period. The record of that debate was reported for the Engineer- 
ing and Mining Journal in 1903 by its editor, T. A. Rickard, and published 
as a booklet of 90 pages under the title “Ore Deposits. A Discussion.” De- 
spite the historical significance of this booklet, it has rarely been referred to 
or mentioned. It seems to have remained an almost undiscovered gem. The 
participants in the debate fell into three age groups. S. F. Emmons at 62 was 
well along in his career; C. R. Van Hise at 46, J. F. Kemp at 44, Waldemar 
Lindgren at 43, and W. H. Weed at 41, were in their prime; F. L. Ransome 
at 35 and J. E. Spurr at 33 were still in the early stages of their careers. 

Only ten years before, in 1893, the classic paper of Posepny (Transactions 
American Institute of Mining Engineers, volume 23) on “The Genesis of Ore 
Deposits” had completely supplanted the already badly battered lateral secre- 
tion theory of Sandberger with the theory of deep-seated circulation of 
meteoric waters. Only three years before, in 1900, the theory of circulating 
meteoric waters had received staunch support from Van Hise (Journal of 
Geology) in his classic paper on “Some Principles Controlling the Deposition 
of Ores.” Though the theories of Posepny and Van Hise postulated different 
impelling forces for the circulation, they were in accord on two premises enun- 
ciated by Van Hise: (1) the material for ore deposits is derived from rocks 
in the zone of fracture, and (2) by far the major part of the water depositing 
ores is meteoric. Though the meteoric water circulation theory had adherents 
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for many years after, and especially among workers in the Mississippi valley 
lead and zinc deposits, the debate in Washington demonstrated that the theory 
of the magmatic origin of ore fluids had already gained the ascendancy and had 
established itself as the basis of genetic classifications of ore deposits. 

The 1903 symposium of the Geological Society of Washington was 
prompted by the submission for discussion by Weed of a genetic classification 
of ore deposits. The discussion centered, however, on the theory on which 
the classification was based rather than on the classification itself. 

Divested of details, the essential genetic divisions of Weed’s classification 
were: 1. Magmatic Segregations (divided into siliceous and basic), 2. Igneous 
Emanations (divided into contact metamorphic deposits and pneumatolytic 
veins), 3. Gas-Aqueous Deposits (igneous emanations or magmatic waters 
mingled with ground waters), 4. Meteoric Waters (divided into underground 
and surficial). Spurr followed Weed with a caveat that he had drawn up a 
genetic classification for his own use in 1895 which this discussion induced 
him to present. Though differing in format and terminology from Weed’s, it 
was identical in principle, setting up in sequence: 1. Magmatic Segregations 
(basic and siliceous), 2. Contact Metamorphic, 3. Deep-seated Gaseous, 4. 
Juvenile Spring Deposits (explained as magmatic gases and waters), 5. Styg- 
ian Deposits (explained as meteoric waters, and divided into underground 
and surface). Both tacked on an extraneous division called metamorphic de- 
posits by Weed and regional metamorphic deposits by Spurr. 

Wholly in disagreement with the theory on which these classifications were 
based was Emmons. He conceded that the magmas are the ultimate source 
of the metals, but contended that the metals were brought from the depths in 
the igneous rocks themselves and not by aqueous solutions, and that most 
deposits in their present form are the result of a later concentration by circu- 
lating waters of meteoric origin. Accordingly he reaffirmed his views that the 
ores of Leadville had been leached from the neighboring porphyry bodies, and 
that the waters that deposited them descended from the porphyry into the 
underlying limestone. 

Lindgren concurred in general with the views of Weed and Spurr. He 
adhered to the opinion that the majority of the metalliferous veins of the Cor- 
dilleran belts are due to gaseous emanations from intrusive magmas, released 
by decreasing pressure, mingling with surface waters, and ascending as hot 
springs. He was unwilling, however, to accept the siliceous magmatic segre- 
gations. Lindgren stressed especially that in contact metamorphic deposits 
there was both an enormous transfer of silica and iron and the transfer of the 
ores from the cooling igneous rock to the limestone. 

Kemp argued in support of the eruptive rocks as the source of both the 
minerals and the watery vehicle in the novel form of an imaginary debate be- 
tween M. W. (advocate of meteoric waters) and I. R. (igneous rocks). 

Ransome directed his discussion more to the proposed classification, ques- 
tioning the likelihood of the transfer of substantial quantities of material from 
magmas by gaseous emanations in either the pneumatolytic group or the gas- 
aqueous group. Since most workable metalliferous lodes are included in the 
gas-aqueous group, and since those deposits in his experience have been 


| 
pop 
é 


ORE DEPOSITS REFLECTED IN TEXTBOOKS SINCE 1900 135 


formed after the solidification of eruptive rocks with which they are most 
closely associated, he inclined to the view that the principal agent in their con- 
centration and deposition had been meteoric waters. 

Van Hise questioned the existence of criteria to establish the deposition of 
ores by gaseous solutions. He argued that the abundant minerals in ore de- 
posits are the same minerals that do the general work of cementation in rocks, 
so that the ores deposited by aqueous solutions are of greater importance than 
those of any other class. Though he did not specifically state in this discussion 
that the aqueous solutions were of meteoric and not of magmatic origin, the 
trend of his argument implied continued adherence to his meteoric water 
theory. 

Though there was complete agreement only on the part of Weed and Spurr, 
their views were concurred in and vigorously supported by Kemp and Lind- 
gren to the extent that both the material and the transporting vehicle were of 
magmatic origin and that meteoric waters participated only in so far as they 
mingled with magmatic waters. Emmons, Ransome and Van Hise, challeng- 
ing gaseous transportation and insisting on aqueous solutions, still considered 
those solutions to be mainly meteoric waters. 

One needs to go back only a few years in the history of ideas to find that 
Weed’s and Spurr’s classifications were no more than a restatement of the 
ideas of Vogt incorporated into an expanded classification that included. all 
ore deposits. The foundations for those concepts of ore genesis, concepts that 
have prevailed and become more firmly established during the 20th century, 
were laid by Vogt in a series of papers in the early 90s, of which the most 
pertinent to this discussion appeared in the Zeitschrift fiir praktische Geologie 
during 1894 and 1895 under the title “Beitrage zur genetischen Classification 
der durch magmatische Differentiationsprocesse und der durch Pneumatolyse 
entstandenen Erzvorkommen” (Contributions to the genetic classification of 
ore deposits formed by magmatic differentiation processes and by pneumatoly- 
sis). The purpose of this paper as stated by Vogt was to classify those ore 
deposits directly connected with magmatic processes in accordance with their 
genetic relations. In logical sequence outward, he described two major 
groups—(1) magmatic segregations and (2) pneumatolytic and pneumato- 
hydato-genetic deposits. Under the latter he placed such vein types as the 
tin veins and the contact metamorphic deposits. Thus, as pointed out by 
Bateman in 1951 in his “The Formation of Mineral Deposits,” these papers 
laid the foundations of our present-day conceptions of the origin of mineral 
deposits. The symposium at Washington brought greater attention to those 
conceptions and added forceful support of them. These conceptions did not 
find their way into textbooks until 1909. 

In the fall of 1909 there appeared the greatly revised third edition of Beck’s 
“Lehre von den Erzlagerstatten,” and in the winter of 1910 the first volume 
of Beyschlag, Krusch and Vogt’s “Die Lagerstatten der nutzbaren Mineralien 
und Gesteine,” which contains the discussion of principles. 

Beck characterized the classification in his third edition as a logically ar- 
ranged genetic system from the starting point that originally all metals were 
constituents of magmas. The nearest to the magmatic source are the mag- 
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matic segregations ; next come contact metamorphic deposits formed by gases 
and vapors from the magma; then come the deposits formed by magmatic ex- 
halations under progressively decreasing temperature and pressure up to their 
ultimate mixing with meteoric waters, embracing veins, epigenetic beds, and 
stocks. This large division he considered merely morphologic facies of a 
single genetic unit, but inconsistently he divided them by content and not on 
form. Finally, independent of magmatic sources, are the products of super- 
gene processes and surface waters. 

The basic principle of Beyschlag, Krusch, and Vogt’s classification was 
the same, starting with processes within the magma and progressing outward 
to processes independent of magmatic participation. Their major divisions 
are identical to Beck’s; but, instead of Beck’s “veins, epigenetic beds, and 
stocks,” they used the designation “veins, irregular cavity fillings, and meta- 
somatic deposits.” However, they more consistently adhered in this large 
division to a system whereby genetically related groups followed each other, 
beginning with the pneumatolytic deposits most closely related to the magma 
and grading outward to those formed by secondary processes. 

Neither of these classifications contributed significant advances over those 
of Weed and Spurr. In the field of textbooks, however, they did advance the 
presentation of concepts of ore genesis from those of Von Groddeck in 1879 
to those of Vogt in 1895. 

The second volume of Beyschlag, Krusch and Vogt’s treatise did not ap- 
pear until 1913. A translation by Truscott was published in England, vol- 
ume | in 1914 and volume 2 in 1916. Both of the German treatises and the 
Truscott translation were immediately completely overshadowed in the United 
States by the appearance in 1913 of Lindgren’s “Mineral Deposits.” 

Lindgren believed previous attempts at genetic classifications had failed in 
not giving due weight to the physical conditions attending the genesis and 
stated his desire was “to place the knowledge of mineral deposits on the 
broader and more comprehensive basis of a consistent genetic classification.” 
The sequence of his genetic classification was from surface detrital and chemi- 
cal processes progressively back to processes within the magmas, thus turning 
upside down the sequence in all previous and all subsequent genetic classifi- 
cations. He offered no explanation for this departure from otherwise uni- 
versal practice. This inversion in sequence seems as strange as would be a 
biography that began its account at death and concluded it at birth. 

The major divisions in Lindgren’s classification were fundamentally the 
same as those of Weed and Spurr, but in its subdivisions Lindgren’s classifi- 
cation was more logically and consistently genetic than were earlier genetic 
classifications. Most primary ore deposits are included in his group designated 
“Concentration effected by introduction of substances foreign to the rock.” 
They were subdivided into “Origin independent of igneous activity and formed 
by meteoric waters” and “Origin by hot ascending waters of uncertain origin 
but charged with igneous emanations.” The former are the underground 
deposits formed by meteoric waters of Weed and the Stygian deposits of 
Spurr. The latter are the pneumatolytic and pneumato-hydato-genetic de- 
posits of Weed and the deep-seated gaseous and juvenile springs deposits of 
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Spurr. Instead, Lindgren separated the latter groups into three divisions on 
the basis of increasing temperature and pressure. The only essentially new 
concept introduced by Lindgren was to give quantitatively a sequence of tem- 
perature and pressure ranges within which deposition took place, thereby 
adopting a zonal sequence in terms of specific temperature and pressure ranges 
in the classification of the hydrothermal deposits. This concept had been pre- 
sented by Lindgren in 1907 (Economic Geology) in a paper under the title 
“The Relation of Ore-Deposition to Physical Conditions” and had been ampli- 
fied in 1908 (Economic Geology) by W. H. Emmons in a paper on “A Genetic 
Classification of Minerals” in which he tabulated minerals according to the 
ranges in temperature and pressure under which they are formed. The same 
concept expressed empirically in terms of progressively decreasing tempera- 
ture and decreasing depth was expounded equally clearly by Spurr in 1907 
(Economic Geology) in a paper with the title “A Theory of Ore Deposition,” 
in which he said “the most striking chemical difference between ore deposits 
is due to successive precipitation in theoretically vertical zones, as the fluid 
migrates toward the surface.” 

In the third edition in 1928, Lindgren designated his three temperature- 
pressure zones—epithermal, mesothermal, and hypothermal, terms that imme- 
diately came into general use. 

This three-fold subdivision of ore deposits formed by ascending waters 
charged with igneous emanations proved to be an oversimplification of their 
genesis, and neither complete enough nor refined enough to be satisfactory. 
That with a division of pressure range into very high, high, and moderate, 
and a division of temperature range into very high, high, and moderate, there 
are nine possible combinations of temperature and pressure, whereas Lind- 
gren’s classification provided for only three of the nine, was pointed out by 
Buddington in 1935 (Economic Geology) in a paper entitled “High Tem- 
perature Mineral Associations at Shallow to Moderate Depths.” Though 
some of the other six possible combinations could be ruled out as not probable 
in the earth’s crust, as the extreme of very high pressure and moderate tem- 
perature, some of the other possible combinations were highly probable, as 
the opposite extreme of moderate pressure and very high or high temperature. 
Deposits formed under the latter condition had been discussed at great length 
and repeatedly referred to by Spurr in his “Ore Magmas” in 1923, and called 
“telescoped deposits.” Buddington in 1935 suggested the name “zenothermal.” 
McLaughlin in 1933 in “Ore Deposits of the Western States” (American 
Institute of Mining and Metallurgical Engineers) had called attention to the 
anomalous position of some tourmaline-bearing veins in the hypothermal divi- 
sion, which though high temperature were not very high pressure deposits. 

Graton found mesothermal and epithermal too coarse a division and in 
1933 (Economic Geology) in a paper on “The Depth Zones in Ore Deposits” 
proposed a “leptothermal” division comprising the upper part of the meso- 
thermal and the lower part of the epithermal. Graton also considered Lind- 
gren’s division of “deposits formed by circulating meteoric waters” as the 
product of enfeebled hydrothermal waters under physical conditions less in- 
tense than those of the epithermal zone, and consequently assigned them to 
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a less intense zone in the division of hydrothermal deposits which he called the 
“telethermal” zone. 

It happens that the most comprehensive and detailed exposition of the 
oversimplification of a classification based on the premise of pari passu 
changes in temperature and pressure was presented by Loughlin and Behre 
in the Lindgren Volume in 1933 (American Institute of Mining and Metal- 
lurgical Engineers). They emphasized repeatedly by specific examples the 
definitive roles of structural conditions and composition of wall rock in the 
conditions under which ore deposits are formed. 

In his “Econoniic Mineral Deposits” in 1942, Bateman reviewed these 
inadequacies and the objections to a classification based throughout on tem- 
perature and pressure of formation, pointed out practical difficulties in its 
application, and proposed a substitute which adhered to the accepted sequence 
of ore-forming processes but abandoned defining divisions in terms of tem- 
perature and pressure ranges. His greatest departures from the Lindgren 
classification were in his treatment of the hydrothermal deposits, which he 
subdivided on a morphologic basis. He reverted to Weed’s, Stelzner-Bergeat’s 
and Beyschlag, Krusch and Vogt’s twofold division of these into cavity fillings 
and metasomatic deposits. Like Beck, Bateman considered them morphologic 
facies of a genetic unit, but more logically and consistently than Beck he sub- 
divided them on that basis and not, as did Beck, on the basis of content. More 
consistently than Weed, he subdivided them wholly on morphology and not, 
as Weed did, in part on content and in part on form. The result was, how- 
ever, to bring into the same group deposits that are geologically unlike and 
deposits that are far apart in the physical conditions under which ore deposi- 
tion occurred. It also precluded the subdivision of the hydrothermal deposits 
otherwise than by a listing of their forms in a more or less arbitrary sequence. 
These bases of classification were reaffirmed by Bateman in the second edition 
of his Economic Mineral Deposits in 1950. 

It is not probable that the present status of the classification of ore deposits 
will prove to be the final solution of the problem. The evolution of the classi- 
fications has firmly established the ore-depositing processes as the primary 
basis of a scientific classification. That far an acceptable classification must 
present a consistent genetic sequence. Equally firmly demonstrated is that a 
satisfactory practical classification, at least of the hydrothermal deposits, can- 
not be consistently genetic in its subdivisions, but must be based also on 
factors that are definitive in determining the locus of ore deposition, such as 
structural control and nature of wall rock. 

Only those concepts that pertain to the classifications themselves have been 
discussed. It would have far exceeded the time limits of this address to have 
embarked upon a review of the development of the concepts of the modus 
operandi of the ore-forming processes recognized in the classifications. 


Ba.trmore, Mp., 
November 8, 1955 
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SULFUR ISOTOPE ABUNDANCES IN SULFIDE MINERALS* 
J. L. KULP, W. U. AULT, AND H. W. FEELY 


ABSTRACT 


The Sulfur-32/Sulfur-34 ratios in some 80 samples of hydrothermal, 
magmatic, and pegmatitic sulfides have been measured. The sulfur 
isotopic abundances within a deposit appear to be independent of the min- 
eral species (pyrite, marcasite, chalcopyrite, sphalerite, galena, pyrrhotite, 
bornite, realgar, arsenopyrite, chalcocite), crystal habit, and, possibly, 
temperature and rate of deposition. The S**/S** ratio does appear related 
to the source of the sulfur. A high S**/S** ratio indicates a source 
initially rich in sedimentary sulfide; a low S**/S** ratio suggests a source 
initially high in sulfate. Most sulfides contain a S**/** ratio near 22.2, 
i.e., that of meteoritic sulfur. 


INTRODUCTION 


Tue sulfur isotopic abundances in a number of hydrothermal sulfide minerals 
have been reported by Thode and co-workers (3, 4,5). Variations were ob- 
served but for the most part were not readily interpreted in terms of geology. 
The potential value that such variations might have in the solution of ore 
genesis and earth structure problems suggested a more extensive recon- 
naissance into the sulfur isotopic abundances of sulfides or additional localities 
as well as suites of samples from the same locality. 

The samples used in this study were obtained from the systematic 
Mineralogy collection and the Economic Geology Collection at Columbia 
University through the cooperation of Professors Paul F. Kerr and Charles 
H. Behre, Jr., and from R. S. Houston, H. Barnes, and R. Harris of Columbia 
University, and R. Metsger of the New Jersey Zinc Company. 

The sulfur in the sulfides was converted quantitatively into sulfur dioxide 
gas which was then analyzed for the sulfur isotopes on a modified Con- 
solidated Engineering Company 401 mass spectrometer. The experimental 
details are described elsewhere (1). 

Three questions were studied. Is the sulfur isotopic composition de- 
pendent on the particular mineral or crystal habit of a mineral in a single 
deposit? Are there significant differences between zones of one mine, mines 
in a district, and districts? In those cases where the isotopic composition of 
lead in galena varies, such as in the Mississippi Valley deposits, is there an 
equivalent variation in the sulfur isotope abundances? 


RESULTS 


The results are given in Tables 1 to 7 and Figure 1. The probable instru- 
mental error in the measurements is +.01 or less in the S**/S™ ratio unless 


1 Work supported in part by Research Division, U.S.A.E.C. Lamont Geological Observatory 
Contribution No. 175. . 
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otherwise indicated. All values are based on the assumed S**/S* ratio of 
22.21 for the sulfur from the troilite of the Cafion Diablo meteorite so that 
the data reported in this paper may be directly compared with that of Thode 
and co-workers (2, 3, 4, 5). 


DISCUSSION 


Figure 2 represents a compilation of the data published by Thode’s group 
(2, 3, 4, 5), Feely (1), and his work. 

It is particularly noteworthy that the isotopic constitution of sulfur in 
meteorites (troilite phase) is essentially constant, the S**/S* ratio varying 
only from about 22.20 to 22.24, or just outside the experimental error. It is 
therefore likely that this represents the cosmic ratio of S** to S** and that it 
represents the average isotopic composition of sulfur in the earth as a whole. 
Fractionation processes at the surface of the earth produce differences in the 
isotopic composition but there appears to be no reason to assume appreciable 
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variations of the S**/S* ratio in the mantle where oxidation-reducing proc- 
esses, both biological and inorganic, have not been able to operate. 

As can be seen from Figure 2 sulfate dissolved in or precipitated from sea 
water is richer in S** than are meteorites. Sedimentary sulfide and H,S as 
well as native sulfur produced through biological processes are enriched in S*?. 
In general the dominant processes are probably these: primeval sulfur which 
was included within the original crust or was subsequently derived from the 
mantle has undergone oxidation at the surface of the earth. The sulfate thus 
produced was greatly enriched in S** while the residual sulfide was depleted 
in S*. Both sulfate and sulfide were ultimately deposited in sedimentary 
rocks. Where conditions were right, sulfate-reducing bacteria converted the 
sulfate to H,S but in doing this they preferentially reduced the light isotope 
so that the resulting H,S, now found in ground water or redeposited as FeS,, 
is enriched in S**. Since the rate of bacterial metabolism and the complete- 
ness of any of these chemical reactions greatly affect the extent of fractiona- 
tion, a wide range of values of the S**/S* ratio is obtained in natural materials. 

With this information, but omitting for the moment consideration of pos- 
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1. Sulfide which is emplaced in the crust at elevated temperatures after 
direct transport from the mantle should show a S**/S® ratio essentially in the 
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range of meteorite sulfur. 


2. Sulfide derived from a portion of the crust rich in sedimentary sulfide 
and redeposited above would show S**/S* values higher than that of 


meteorites. 


3. Sulfide derived from a volume of the crust by the reduction of sulfate 
at high temperatures and emplaced at higher and cooler levels of the crust 


would give S**/S** values lower than those of meteorites. 


4. An inhomogeneous source would yield variable S**/S** ratios in a 
sulfide deposit but the fine structure of this distribution might show a rather 


regular change from the beginning to the end of deposition. 


5. If a sedimentary or metasedimentary rock mass in the crust contained 
an average sample of crustal sulfur and became a homogeneous source of 
sulfide ore fluids, the isotopic composition of the resulting ore deposit should 


approximate that of meteorite sulfur. 


There are two effects that have not yet been considered which could affect 
(1) A particular sulfide bearing fluid might 
pick up additional sulfide during its transport from the deeper parts of the 
crust to the place of deposition, thus changing its sulfur isotopic composition. 
This is not considered to be an important effect since generally the quantity 
of sulfide along the channels of transport should be extremely small com- 
pared to the quantities passing through. 

transportation or deposition might occur. 
it would not be predicted that these effects would be large, particularly with 
However, fractionation on the order of a 
few tenths of a percent might be found, varying as a function of deposition. 
temperature, bonding type and possibly as a function of the rate of crystalliza- 


the sulfur isotopic abundances. 


transport at high temperatures. 


Sutrur Isotopic Ratios FOR SULFIDE MINERALS FROM THE SANTA Rita, N. M., District 


Location 


Ground Hog Mine 


Pewabic Mine, Maggie 
Bell Ore Body 
Kearney Mine, 500’ 
level, 8 stope 


TABLE 1 


Mineral 


One hand specimen of intimately associated quartz, 
pyrite, chalcopyrite, sphalerite and galena 
Pyrite 
Chalcopyrite 
Galena 
Sphalerite, dark colored 
(thought to be high temp.) 
Pyrite with sphalerite and calcite 
Pyrite 
Galena, called ‘‘low temperature” occurring in calcite 
Sphalerite with pyrite, calcite and galena 
Sphalerite with pyrite and calcite 
Sphalerite, light colored (called “low temperature” 
sphalerite) 
Sphalerite, dark colored 


sible fractionation during sn dati and ene the following situa- 
tions might occur. 


(2) Isotopic fractionation during 
From theoretical considerations 


22.23 
22.24 
22.28 
22.27 


22.19 
22.23 
22.25 
22.20 
22.24 


22.26 
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tion. The reconnaissance data contained in Tables 1-7 do not contain any 
clear cut evidence for isotopic ratio differences caused by these factors. 


Santa Rita, New Mexico 


Table 1 lists the data for samples from the Santa Rita, New Mexico mining 
district. These were chosen as typical mesothermal complexes of copper, 
lead and zinc deposits from what was essentially a single epoch of mineraliza- 
tion. The small range in the S**/S** ratios for samples in three different 
mines is striking. The Kearney and Pewabic mines lie near the north end 
of the district where zinc mineralization predominates while the Ground Hog 
Mine is at the southern extremity and is largely a lead mine. The average 
of these samples is 22.24, very close to the meteorite average of 22.22. There 
are not enough samples to demonstrate statistical trends within this narrow 
range but from the data at hand there seems to be no difference in sulfide 
isotopic composition attributable to differences in location within the district, 
or to the temperature of deposition. Under these conditions it is not sur- 
prising that the samples from the same hand specimen vary only slightly 
outside the experimental error. 

Since there is no obvious reason for believing that the mineralizing solu- 
tions which formed these deposits were derived directly from the mantle, it 
seems likely that they were derived from a reasonably homogeneous source 
within the crust, which contained an average content of sulfur isotopes. 

That a fairly large segment of the crust was homogenized in this is sug- 
gested by the presence of several granodiorite stocks, in addition to the wide- 
spread hydrothermal solutions. The limited range of the sulfur isotope ratio 
in this district is evidence against significant fractionation due to transporta- 
tion and deposition in other similar districts. A possible fractionation effect 
on the order of 3 parts per thousand cannot, of course, be ruled out from 
these data. 


Mississippi Valley Lead-Zinc Districts 


Table 2 is a comparison of the lead and sulfur isotope composition of galena 
samples from the three main Mississippi Valley lead-zinc districts. The very 
large differences in the Pb*°*/Pb** ratios (up to 15% in the S.E. Missouri 
district) are thought to be due to inhomogeneity of the sources of the 
radiogenic lead component of the ore solutions. If the lead isotopic varia- 
tions were due to fractionation during transportation or deposition, the sulfur 
isotopes should have been fractionated to a much greater extent. Obviously 
this is not the case, and in the Illinois-Iowa-Wisconsin and Joplin districts 
there is no correlation between the small differences in the sulfur isotopic 
abundances and the lead isotopic abundances. The fact that the S**/S*™ ratios 
for these samples vary by a factor at least three times that of the entire Santa 
Rita District is consistent with their derivation from inhomogeneous sources. 

In the Southeast Missouri district, where the lead isotopic ratios vary 
the greatest, there is a clear correlation showing the S**/S** ratio to increase 
as the Pb***/Pb** ratio decreases. This is consistent with a theory which 
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TABLE 2 
SULFUR AND Leap Isotopic Ratios FOR GALENA FROM THE MISSISSIPPI VALLEY 


pos | 
Pom | Pham 


Illinois-lowa-Wisconsin District : 
. California Mine, Cuba City, Wis. é 21.65 16.35 
. Galena, Ill. 21.92 16.08 
. Dubuque, Ia. F 22.07 16.13 
. Hunt's Diggings, Dubuque, Ia. ‘ 22.20 | 16.11 
. Hazel Green, Wis. é 22.58 16.18 
. Hazel Green, Wis. . 22.73 16.15 


Joplin District : 
7. Joplin, Mo. P 20.07 16.28 

8. See Sah Mine, Okla. 3 21.92 16.17 

9. Southwestern Mo., galena in cannel coal 4 21.96 16.06 

10. Joplin, Mo. P 22.06 15.93 
11. Joplin, Mo. ° 22.38 16.04 
12. Joplin, Mo. 7 23.10 16.41 


Southeastern Missouri District: 
13. Federal Lead Co., Flat River; Jig Con- 
centrates 
. St. Joe Mine, Bonneterre 
. Central Mine, Flat River. 
. Mine LaMotte, Madison Co. 
. Columbia Lead Mine, Flat River, 4’ 
galena crystal 
. Columbia Lead Mine, Flat River, oppo- 
site end of sample 17 
. St. Joseph 


* Probable error +.01. 
** Probable error +.002. Common lead analyses by G. L. Bate. 


places the source of these fluids in the crust. Metasedimentary rocks high in 
carbonate with included sulfate evaporate beds would be low in their U/Pb 
ratio. Thus if the lead and sulfur were derived from a mass of ancient sedi- 
mentary rock which was high in sulfate content the Pb*°*/Pb** ratio should 
be relatively high (less radiogenic 206 available) and the S**/S* ratio low 
(due to sulfate high in S**). On the other hand, as the sedimentary source 
rock becomes more argillaceous (hence higher in uranium and sedimentary 
sulfide) the Pb*°*/Pb* ratio will decrease and the S*?/S®™ ratio will increase. 


Such a relation appears to be reflected in the data for the Southeast Missouri 
district. 


Franklin Furnace, New Jersey 


A number of sulfide minerals from the complex mineral deposits at Sterling 
Hill and Franklin, N. J., are listed in Table 3. It is possible that there were 
two or more periods of sulfide introduction at these two deposits but the 
geologic information is inadequate to define the origin. The most striking 
thing about the data for these deposits is the wide range in sulfur isotope 
composition from S**/S** = 21.92 to 23.0. This suggests an original source 
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that was highly inhomogeneous and therefore certainly was in the crust rather 
than the mantle. An anhydrite sample from the Sterling Hill Mine gave a 
ratio of 21.55 showing the presence of heavy sulfate in these deposits. 


Various Hydrothermal Deposits 


Table 4 lists some other sulfide minerals from hydrothermal veins or re- 
placements from various localities. The Minnie Moore Mine samples are 
rather similar in isotopic composition and suggest a sulfate dominant source. 
The first two samples of greatly different habit show the same value within 
the experimental error, again indicating that the first order variations in the 
sulfur isotope content of these sulfides are not to be related to depositional 
processes. 

The Leadville, Colorado, samples are within the meteorite range, allowing 
for experimental error. The mineral associations of the samples do not 
affect the isotopic composition. This is probably crustal lead from a homo- 
geneous source. The other samples from the Mississippi Valley lie within 
the range of those presented in Table 2 and further substantiate the con- 
siderable variation of the sulfur isotopes within this metallogenic province. 

The Ivigtut samples are particularly interesting since they show such a 
low S**/S* ratio. It is significant that the Pb*°**/Pb*™ ratio for the Ivigtut 
galena is low, as shown by Damon (la), for the apparent age of the deposit 


TABLE 3 


SutFur Isotropic RATIOS FOR SUITES OF SULFIDE MINERALS FROM THE STERLING HILL AND 
FRANKLIN MINES, FRANKLIN, N. J. 


Location Mineral 
Sterling Hill, 1280 N. Chalcopyrite 21.92 
longitudinal stope, 
1,600’ level 
Sterling Hill, Drill Core Galena occurring with calcite and sphalerite in drill 22.03 
GC-2, DDH 262 at core from country rock. 
1,883 ft. 
Franklin Galena—disseminated in ore of franklinite and ‘‘Ser- 23.0+.1 
pentine,”’ with calcite 
Sterling Hill Pyrrhotite veinlets in calcite core. With pyrite 22.08 
Sterling Hill, DDH 262 Pyrite, fine-grained vein in calcite DDC with fluorite 22.11 
at 1,993’ 
Sterling Hill, South Sphalerite with calcite, fluorescing 22.19 
crosscut, 500’ level 
Sterling Hill, South Sphalerite with calcite and in contact with frank- 22.20 
crosscut, 500’ level linite, fluorescing 
Sterling Hill, 1240 N. Sphalerite. Chemical analysis: Zn 67%, Cd .23%, 22.23 
transverse stope, Fe .004%, Mn .044%, Cu .03%. Fluorescing as- 
800’ level, GC-3 sociated with rhodonite, franklinite and calcite 


Sterling Hill, 1020 cross- Sphalerite, dark colored with calcite, non-fluorescing 22.43 
cut on 800’ level 


Sterling Hill, Drill Core Sphalerite from GC-2 drill core. Chemical analyses: 22.8+.3 


GC-2, DDH 262 at Zn 68%, Cd .2%, Fe .89%, Mn .04%, Cu .02% 

1,883’ 
Franklin Bornite 22.40 
Sterling Hill Realgar, fine grained with Arsenopyrite 22.12.1 
Sterling Hill Arsenopyrite, fine grained with Realgar 22.54.05 
Franklin Chalcocite, disseminated with Calcite 
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TABLE 4 
SuLrur Isotropic Ratios oF HYDROTHERMAL SULFIDE MINERALS 
Locality Mineral 


Minnie Moore Mine, “Velvet” galena—thin laminae showing flow structure 21.92 
Bellevue, Idaho 
Minnie Moore Mine, Large crystal galena associated with the preceding 21.94 
Bellevue, Idaho sample 
Minnie Moore Mine, Galena showing maximum size of crystallization. 22.02 
Bellevue, Idaho, Ore assay in carload lots: 120 oz. Ag, 70-75% Pb, 
Wood River District, Au trace 
Stope 1011, 1,000’ level 
Great Hope Mine, Galena with anglesite and cerussite 22.20 
Leadville, Colo. 
Tucson Mine, Lead-silver-bismuth sulfide. Assay: 14 oz. Au, 4,000 22.19 
Leadville, Colo. oz. Ag, 45% Pb 
Little Pillsbury Mine, Argentiferous galena, silver chloride ore 22.23 
Leadville, Colo. 
Star Mine, Galena. Cube with octahedron truncating. Some 22.35 
Green Co., Mo. calcite and sphalerite 
St. Louis Co., Mo. Large crystal of galena intergrown with large crystals 22.33 
of sphalerite and calcite 
Joplin, Mo. Galena—large cube with sphalerite and small amounts 22.38 
of chalcopyrite 
St. Louis Co., Mo. Sphalerite containing small (4’") cubes of galena 22.24 
Joplin, Mo. Sphalerite with galena and small amounts of chalco- 22.27 
pyrite 
Star Mine, Sphalerite with galena and intergrown with calcite 22.28 
Green Co., Mo. 
Ivigtut, Greenland Galena with chalcopyrite and calcite 21.53 
Ivigtut, Greenland Chalcopyrite from preceding sample 21.55 
Drew Hill, Me. Pyrrhotite 22.64 
Mary Mine, Pyrrhotite 22.14 


Ducktown, Tenn. 


(Paleozoic), thus suggesting derivation from a source with a low U/Pb ratio. 
The sulfur isotope composition is consistent with this and indicates a source 
in metasedimentary rocks rich in sulfate. The mantle does not appear to be 
a possible source for the Ivigtut galena both because of the low sulfur isotopic 
ratio and the low Pb?°*/Pb*™ ratio. From recent measurements by Tilton, 
Patterson, and Davis (7) in 1954 on the isotopic composition of the lead in an 
olivine bomb from an Hawaiian flow presumably derived from the mantle, it 
appears that the mantle does not have a low enough U/Pb ratio to account 
for the low Pb*°*/Pb™ ratio at Ivigtut. 

The Drew Hill, Maine, pyrrhotite apparently was derived from rocks that 
were originally shales rich in sedimentary sulfide. The Ducktown, Tennessee, 


TABLE 5 
Sutrur Isotropic RATIOS OF SULFIDE MINERALS FROM PEGMATITES 
Locality Mineral 


Welden, Me. Pyrrhotite, pegmatitic 22.42 
Red Hill, Me. Pyrrhotite, pegmatitic 22.72 
Plumbago Mt., Me. Pyrrhotite 22.48 
Newry, Me. Pyrrhotite, pegmatitic 22.85 
Fallen Quarry, Galena in pegmatite with quartz, feldspar, 22.08 


Quincy, Mass. aegirite, fluorite, etc. 
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TABLE 6 
Sutrur Isotopic RaTIOs OF PYRRHOTITE FROM MAGMATIC SOURCES 


Locality 


Frood Mine, Sudbury, Ont. 22.18 
Rodgers Mine, St. Stephens, N. B. 22.23 
Union, Me. 22.23 
Marie Pond, Me. 22.22 
Dracut, Mass. 22.42 
Iron Mtn., Katahdin, Me. 22.73 
Katahdin Iron Works, Me. 22.82 +.08 


pyrrhotite indicates a sulfur source in average crustal rock as a deep-seated 
source. 


Pegmatitic Sulfides 


The pegmatitic sulfides are listed in Table 5. All of these were produced 
essentially in place with the possible exception of the Fallen Quarry sample. 
Thus the sulfur was derived from the associated metasedimentary rocks. The 
metasediments associated with the Red Hill, Plumbago Mt., and Newry 
pegmatites are mica schists and gneisses and would contribute little sulfide 
derived from sedimentary sulfate. Thus it is not surprising that most of these 


samples show high S**/S* ratios as if derived primarily from sedimentary 
sulfide. 


“Magmatic” Sulfides 


Specimens which were considered by the field geologists to be “magmatic” 
sulfides are listed in Table 6. In the first four cases the sulfur isotopic com- 
position lies within the range of meteorite sulfur. In all of these deposits the 
sulfide is associated with mafic or ultramafic rock which may have been de- 
rived from the mantle. The isotopic composition of the sulfur from the first 
four localities is consistent with such an origin. The sulfur from Dracut, 
Massachusetts, and Katahdin, Maine, however, could not have been derived 
solely from the mantle since it has a large component of sedimentary sulfide. 


TABLE 7 


Sutrur Isoropic RATIOS FROM SULFIDES IN ARCHEAN BLACK SHALES AND LIMESTONE 
OF THE PINE LAKE REGION OF ONTARIO, CANADA 
Location Mineral 

Pine Lake Region, Pyrrhotite, replacing breccia in Archean lime- 22.02+.08 
Ontario, Canada stone 

Pine Lake Region, Pyrrhotite containing pyrite cubes in brecci- 22.19 
Ontario, Canada ated Archean limestone 

Pine Lake Region, Pyrite cubes contained in the pyrrhotite of the 22.18 
Ontario, Canada preceding sample 

Pine Lake Region, Pyrite fragments along shale (or tuff) cleav- 22.12 
Ontario, Canada ages in Archean limestone 

Pine Lake Region, Pyrite in shale (or tuff) in Archean limestone 22.23 
Ontario, Canada 

Pine Lake Region, Marcasite nodules in shale 22.19 
Ontario. Canada 
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Sulfides in Black Shales 


Some sulfides in the Archean black shales and limestone of the Pine Lake 
Region of Ontario, Canada, were measured (Table 7). Samples 2 and 3 
again show the local constancy of the isotopic composition regardless of 
mineral type. Most of this sulfide was probably derived from the sur- 
rounding sedimentary rock. 

Thode et al. (6) measured some sedimentary sulfides and sulfates of 
known geologic age and found a divergence of the S**/S™ ratios of the two 
groups which increased toward the present. He concluded that the separation 
began about 800 m.y. ago and inferred from this that sulfur bacteria evolved 
at about that time. The Franklin and Sterling Hill, New Jersey, deposits 
were emplaced in Precambrian time and may have been the result of the 
metamorphism of an earlier zinc replacement deposit. Thus the sulfur in 
them was probably derived from source rocks at least 1,000 m.y. old. The 
large variation in sulfur isotopes in the sulfide minerals of these deposits 
(21.92-23.0) suggests that much larger differences existed in the S**/S* ratio 
of sulfate and sulfide of sedimentary rocks at this very early time than was 
concluded by Thode. However, the Pine Lake samples show little isotopic 
differences in sedimentary rocks that are at least 1,000 m.y. old. Thus, this 
interesting hypothesis must be examined further with more well-dated sam- 
ples of sulfur from sedimentary environments. 


CONCLUSIONS 


(1) Significant variations in the S**/S** of sulfide minerals have been 
observed. 

(2) These variations do not appear to be due, in the main, to isotopic 
fractionation processes during transportation or deposition but rather to in- 
homogeneities in the source of the sulfur. 

(3) The sulfur isotopic abundances within a single deposit appear to be 
independent of the mineral species and crystal habit at least to +.2%. 

(4) A high S**/S* ratio in hydrothermal sulfides suggests a metasedi- 
mentary source initially high in sedimentary sulfide. 

(5) A low S**/S* ratio in hydrothermal sulfides conversely suggests a 
source rich initially in sulfate. 

(6) Pegmatites derived locally from mica schists and gneisses appear to 
carry sulfur whose isotopic composition is related to sedimentary sulfide. 

(7) Sulfides derived from deep-seated sources appear to have an isotopic 
composition in the range of meteorites. 

(8) Most hydrothermal sulfides appear to be derived from a source in the 
crust with a rather average sulfur isotopic composition, thus showing a S**/S** 
ratio around 22.2. 


Lamont GEOLOGICAL OpservVATORY (CoLUMBIA UNIVERSITY), 
Pa.isapes, N. Y., 
October 7, 1955 
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ABSTRACT 


Metalliferous deposits constitute an important factor in the economy 
of Tunis. Iron-lead-zinc mineralization is represented by small scattered 
deposits throughout the northwestern half of the country. The deposits 
are telethermal and related to the end of Alpine orogeny, Mio-Pliocene 
in age. A convenient classification is afforded by the structural frame- 
work; they are along great northeast-southwest strike faults. The forma- 
tions most favorable to mineralization are the Miocene (calcareous and 
sandy to conglomeratic), the Senonian, the Aptian, the Jurassic limestones, 
and the marginal breccias of the Triassic. 


INTRODUCTION 


ExtTRACTION of mineral products has been a major element in the Tunisian 
economy the past 80 years. Mineral production, in thousands of tons, for the 
whole modern period up to January 1954 is given in Table 1. 
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TABLE I 


Marketable tonnage Metal tonnage 
Products (In thousands of metric tons) (In thousands of metric tons) 


Phosphates of lime 
12,067 
782 
315 


In market value, nearly 30 percent of the mean annual production is at 
present represented by lead and zinc. 


GEOGRAPHIC DISTRIBUTION OF PRINCIPAL DEPOSITS 


The metalliferous deposits in Tunisia are located almost exclusively in 
the strongly folded rocks that occupy the northern part of the country, i.e., 
between the 35th and 37th parallels, approximately in a square 200 kilometers 
on a side. The only exceptions are some small indications of lead-zinc and 
manganese and most of the great sedimentary deposits (iron and phosphates) 
of central Tunisia. 

The principal deposits of the iron-lead-zinc association are found, there- 
fore, in the richest and most temperate part of Tunisia, but also in the 
difficult mountainous regions. In this country where the maximum altitude 
is at 1,544, many deposits are at an elevation above 1,000 m. Nevertheless, 
the general topography presents a series of depressions in a NE-SW direction, 
traversed by the great routes of communication; the distance to the shipping 
port (Tunis) from the most distant mine does not exceed 300 km. The rail- 
road system serves the principal mines, but the most out of the way are 
forty km from a loading station. 

The mineral map of Tunisia shows the scattered distribution of the hydro- 
thermal deposits. In the northern region, among the hundreds of showings, 
about sixty ore deposits have been or are in production. Only a score can be 
considered as small mining districts with a total production of more than 
10,000 tons of metal and, among these, three are really important (more than 
100,000 tons of metal). The districts are not distributed evenly in the re- 
gion; most of them are grouped in the roughest zone, that is to say in the 


northwestern portion of the square, with a rather uniform distribution, at most 
fifty km apart. 


HISTORY 


Discovery and Exploitation 


The first European prospectors in Tunisia in the last quarter of the 19th 
century were guided by the old workings that marked most of the outcrops 
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of ore. Certain lead ore deposits, in particular, had dumps and important 
mine workings (Djebel Ressas, Sidi Amor ben Salem, Bou Jaber, Khanguet). 
These remains are generally considered Roman by our modern miners; but 
some historians, like St. Gsell (21), think that “the most active epoch for 
the mining industry in Barbary was the middle ages and not antiquity.” 
However documents are scarce; inscriptions tell little and there is no indi- 
cation that the North African mineral resources were utilized by the 
Carthaginians, or even at the beginning of the Roman domination. The first 
written records date from the Christian era: texts dating from the 2nd to the 
5th centuries make mention of sentence to forced labor in mines; on the other 
hand, some of the mine workers’ tools (like oil lamps), found in the mines, 
have been dated 2nd and 3rd centuries. 

It is probable that the Arab invasion, in the 7th century, caused a tem- 
porary cessation of mining and it was not until the 9th century, that references 
are found in the Arab literature. With respect to Tunisia, all the texts from 
the 9th to the 14th centuries, mention only the mines of Mejjana (“Majjana- 
el-Ma’adin” )—referring to a district located on the Algerian-Tunisian fron- 
tier, to the north of Tebessa, which may have included the mines of Mesloula, 
Ouenza, Bou Khadra, Slata and Bou Jaber. The latter place, where extensive 
mine dumps have been found, may have been a center for ore treatment. 
Another reference is in the account of the journey of Flamand Adorne, who 
noted the activity of the lead mine of Djebel Ressas in June 1470. 

It appears that mining diminished greatly in the 16th century, when the 
Europeans began to import articles of metal and lead to North Africa. There 
are no further records until the modern period except in the 18th century, 
in the accounts by Pessonel (1724) and by Hebenstreit (1732), who described 
the mine of Khanguet, and also in the account by the Englishman Shaw, who 
tells of Djebel Ressas; this is the locality that yielded the Arab relics (lamps 
and pottery). 

In the 19th century, upon the arrival of the French in North Africa, no 
mines were in operation. Until the treaty of Kassar-Said (1881) only two 
concessions had been granted in Tunisia by the Kheredine government: the 
Djebel Ressas in 1869 and Djebba, in 1874. 

Nearly all the mineral deposits were discovered during the modern period, 
in the course of the initial phase of research and exploration, from 1880 to 
1905. The development phase, from 1894 to 1914, was characterized by an 
almost continuous increase in production (with a maximum of 37,400 tons of 
zinc ores in 1912, and 59,500 tons of lead ores in 1913). Then the war and 
fall in prices brought on the first production crisis from 1914 to 1922, and 
many mines were abandoned during this period. A notable resumption ac- 
companied the rise in prices. Production increased from 1922 to 1930, with 
a maximum of 40,000 tons of lead ore in 1924, and 30,000 of zinc ore in 
1926. 

The Tunisian mines were at that time strongly affected by the depreciation 
of zinc prices, and next by the world economic crisis, which brought about an 
almost complete stoppage, from 1930 to 1936. A new impulse, starting from 
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TABLE II 
PRODUCTION OF PRINCIPAL MINES 
(Estimated in tons of metal) 


Total production to Maximum annual Production 
January ist, 1954 production for 1953 


Zinc Zinc 


Djebel Ressas 1,080 

Sidi Amor ben Salem 

Djebel Hallouf 

Sidi bou Aouane 

Khanguet Kef Tout 

Sakiet Sidi Youssef 

El Grefa 

Djebel Trozza 

Garn Alfaya-Koudiat el 
Hamra 

Sidi Ahmed 

Bazina 

Bou Jaber 

Fedj el Adoum 

Djebel ben Amara 

Ain Allega 

Ressas-Touireuf 

Zaghouan 

Djebba 

Oued Maden 

Djebel Semene 

Djebel el Akhouat 

Djebel Lorbeus 

Sidi et Taia 


1933, was checked by the second world war and by the campaign in Tunisia. 
Recovery began during 1944 and the production for the year 1953 surpassed 
the prewar level. 

The graphs (Fig. 2) show the importance of the Tunisian metal produc- 
tion in the North African economy. At the first of January, 1954, the prob- 
able tonnage of metal in reserves was on the order of 160,000 tons of lead and 
60,000 of zinc. 


Evolution of Theories of Ore Genesis 


As early as 1852, Ville and Coquand observed, in Algeria, the relation 
between the lead-zinc-bearing beds and the Triassic formations, particularly 
the ophites that they contain. Peron stated, in 1883 (32), “It is to the erup- 
tion of these spilites, or rather to the plutonic phenomena which accom- 
panied it, that is owed the remarkable presence of these deposits of min- 
erals, iron, lead, and copper in the midst of the upper beds of the Miocene 
series.” On his trip in 1894, Levat was impressed by the deposits of zinc and 
the “eruptive gypsums,” associated with ophites, in Algeria as well as in 
Tunisia (30). 

But the Triassic was identified as such by Marcel Bertrand, at the time 
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of the special session of the Geological Society of France, in Algiers in 1896 
and this identification was soon extended to Tunisia by Pervinquiere (33), 
who stated, “. . . The frequent relation between the Triassic and the calamine 
deposits . . . one conceives, indeed it follows, that the faults which usually 
border the Trias in this region have given passage to waters charged with 


mineralizers.” 


TUNISIAN PLUMBO-ZINCIFEROUS PRODUCTION 
Thousands 
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However, Pierre Termier, then advisor to several mining companies 
refused to admit these faults and in 1895 explained this triasification or 
“maladie du Trias”: “. . . the Tunisian zinc ores had as their original source 
the Triassic rocks that must have included a stratum of sedimentary zincblende 
emplaced as an overthrust nappe. This Triassic was uncovered and reworked 
by erosion at a recent period ; the blende would therefore have been dissolved, 
and reprecipitated in the form of calamine at limestone contacts in rocks of 
all ages.” This theory was recalled, in 1913, by Louis de Launey, who added, 
however, that one could “explain the formation of the same ores by the 
action of hydrothermal circulation along the lines of fracture corresponding to 
the boundaries of Triassic blocks” (29). 

According to J. Berthier (2), all the Tunisian metalliferous deposits are 
due to the Triassic; this stratum was mineralized by sulfides, at the period of 
its formation, or shortly thereafter and gave up a part of its mineralization to 
the adjacent formations by the action of circulating waters that have pene- 
trated through the upper part in many places by reason of the inclination of 
the Triassic and the recumbent folds (2). 

In 1918, A. Brives postulated that an intense mineralization, resulting from 
the destruction of an old Hercynian mountain chain, had accumulated at the 
center of depressions and Triassic lagoons; the veinlike deposits resulted from 
the tectonic dragging out of the deepest Triassic deposits; the impregnation 
deposits and replacements resulted from the reaction, on the adjacent beds, 
of the waters that had circulated in the Trias; finally the sedimentary deposits 
resulted from the erosion of these same Triassic deposits (8). 

L. Berthon (3), who gave a detailed description of the Tunisian mineral 
deposits in 1932, considered that “the persistence of strict relations of prox- 
imity so plainly shown between the Triassic sediments, of which the bulk 
remains barren, and the great majority of developed metalliferous deposits, 
appear as a geodynamic rather than a genetic phenomenon. It is the great 
faults and fractures subsequent to the formation of the Trias that have 
channelled the hydrothermal circulations, charged with metallic fluids, and 
produced the alteration of the contact zones on the border of the Triassic, the 
metalliferous incrustations of the fractures, and the replacement of certain 
strata favorable to percolation by water” (3). 

In a supplement to his thesis (1927) M. Solignac (41) recalled these ideas 
and admitted that most of the Tunisian deposits are the “abnormal contact 
deposits and the fissure veins branching from them. . . . It is undeniable 
that the maximum of mineralization is observed in the regions where the great 
lower Triassic nappe is best developed. . . . This mineralization thins out in 
proportion as the nappe become autochthonous. In the south where the great 
tangential phenomena are almost absent the large deposits of lead and zinc 
ores do not occur” (41). 

However, L. Joleaud (25) pointed out in 1929 that many Tunisian deposits 
are related to fractures in Miocene strata situated far from the Trias. In 
1932, he pointed out the role of the Atlas tectonic ; “the mineralization, a phe- 
nomenon quite late in the Pyrenco-alpine tangential action, was here particu- 
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larly active laterally (that is to say in its geographic form) and also vertically 
(i.e., by reason of its manifestations of local and regional intensity)” (27). 

In 1932-1933, E. Bruet (9) attempted to prove that the accumulation of 
the upper portion of the deposits was due to a supergene phase mainly chemi- 
cal, following a hypogene phase hydrothermal or otherwise and that it had 
been favored, in Tunisia, by climatic influences (9, 10, 11). As a result of 
his examination of the world distribution of lead-zinc deposits, F. Blondel 
(5) pointed out that the occurrence in North Africa is entirely in the upper 
part of the Mesozoic: “Everything takes place as though originating at the 
level of the Paleozoic the zinc and lead mineralization becomes dispersed, 
scattering progressively as it rises in the younger zones” (5). 

At the same period, L. Glangeaud suggested a more or less remote re- 
lation between the ore deposits of northern Algeria and the eruptive rocks, 
and proposed the following explanation for the deposits in relation to the 
Triassic: “The mineralization could have taken place at either one of two 
periods. In the deposits which I shall call the primitive, the ore was de- 
posited at the time of the intrusion of the eruptive rocks, either at their contacts 
directly in the Triassic, or within the Lias, by fumerolic or hydrothermal 
action. In what I shall call emigrant deposits, the mineralization due to erup- 
tive intrusions, was originally localized in the Triassic gypso-saline complex, 
then it was subsequently distributed, following the uplift of the Trias, in the 
diapir folds and by means of the circulating water taking up the chemical 
elements of the Trias” (15). 

However, L. Calembert (12) thought that there was generally too much 
deference to the aberrant role of the Triassic and showed the importance of 
the part played by the lenticular calcareous formations in the localization of 
certain ore deposits. Following a tour of North Africa in 1949, J. Bouladon 
(7) presented a synthesis on the lead and zinc deposits as a whole in which 
he showed the geographic distribution of the mineralized regions, placing 
the “lead pole” at Oujda, in northern Morocco, with three satellites (to the 
east, Midelt in central Morocco, to the west, Beja-~-Mateur and the Algerian- 
Tunisian frontier) ; he also gave a classification of the types of deposits and 
attempted to establish a correlation between these and the texture of the 
ores and also their tenor in minor elements. 

Finally, in 1951, following their detailed work on the deposits and the 
B.P.G. (blende-pyrite-galena) ore of the Teboursouk region, J. Bolze and H. 
Schneiderhéhn (6) demonstrated the double role, tectonic and chemical, of 
the Triassic, and applied to these Tunisian deposits the idea developed by the 
German metallogenist in 1941 on “secondary hydrothermal deposits” in zones 
of active dislocation. “The fractured zone at the contact of the Triassic, 
with its lode walls, formed at the beginning of the Tertiary, gave an easy 
passage to external waters. . . . These hot saline waters easily dissolved and 
carried away the sulfides of the mineralizations of the basement. The sec- 
ondary deposition in the overlying series is naturally accomplished after the 
final emergence of the region and the last orogenic phase, in the same channels 
of circulation at the edge of the diapirs.” 
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GEOLOGIC BACKGROUND 


Tunisia is essentially a sedimentary terrain; the section, including 
Mesozoic, Tertiary and Quaternary deposits, is very thick. Only in the 
north are there outcrops of intrusive rocks. These do not seem to be related 
to the metalliferous deposits, which are all situated in the sedimentary forma- 
tions, with the exception of the iron-copper indications of the Galite and 
Nefza. 

There are, in Tunisia, the classic types of replacement deposits and veins, 
but their distribution is hardly ever sharply distinguished. Generally there 
is no preponderance of one or of the other, but a type having mixed character- 
istics ; on one hand veins with filling of the adjoining interstices, on the other 
hand imperfectly developed replacement. Another less common type is quite 
widespread in Tunisia—the so-called fissure impregnation deposit, which, 
moreover is itself associated with other types of deposition. It is therefore 
quite difficult to classify the Tunisian deposits according to their type, but 
examination of the tectonic frame provides a simple classification, which, in 
a certain measure does not exclude the convergence of certain dominant 
characteristics of the deposits. 


The Tunisian Deposits in Relation to the North African Tectonic Framework 


Tunisia represents only the extreme eastern part of French North Africa 
at the border of the Alpine Zone, and cannot naturally, be regarded as part 
of the Algerian Moroccan structures. 

Tectonic Units—Writers have defined the following tectonic zones, from 
North to South (13, 14): 
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In Algeria, the structure is superimposed on the paleogeography. Be- 
tween zones I and II is the Tellian trench, which corresponds to the sub- 
Rifaine trench in Morocco; and the Tunisian trench to the east. But on this 
latter unit, in Tunis, are superimposed the great oblique tectonic lines, which 
have given the country its present aspect. In effect, the folds that trend east- 
west in Algeria, swing to the northeast in the vicinity of the Tunisian frontier. 
Their flanks are generally asymmetrical, overturned toward the southeast, 
representing thrusting from the north against the central horst, evident since 
the Aptian. 

This definitive structure of Tunisia, outlined in a pre-Burdigalian stage, 
was emphasized by folds later than early Quaternary. The mineralization 
appears related to this last manifestation of Alpine orogenesis, and as the 
deposits are aligned in the northeast-southwest folds, it is proposed to classify 
them here according to tectonic units. These are, proceeding from the north- 
west to the southeast : 

The Zone of Crystalline Massifs, represented in Tunisia only by the small 
archipelago of the Galite, is formed by the tertiary eruptive rocks (grano- 
diorites and microgranites), with a more or less metamorphosed Oligocene 
cover. Only some small iron-copper vein deposits are known there. 

The Krowmirie-Nefza Zone, which comprises the northeastern frontier 
region and the coastal region from Tabarka to Bizerte, is made up essentially 
of Oligocene formations, the lenses or sheets of “extrusive” Triassic, and the 
dacite and basalt spurs of the Nefza. This zone contains the main line of 
deposits : Sidi Driss, Ain Allega, Djebel Diss, Oued Maden, distributed along 
the length of the principal Triassic layer, which takes all the Kroumirie in a 
slant, from the Mediterranean coast to the region of Souk Ahras. This zone 
comprises the impregnation deposits and replacements by blende-pyrite-galena. 
The boundary of this zone, marked by Triassic sheets and abnormal contacts, 
contains, in its immediate vicinity, the districts of Bechater, of Amdouns (Sidi 
Ahmed, Khanguet, Ben Amara) and of Fedj Assene. 

All the rest of folded northern Tunisia represents the Tunisian Atlas, 
which comprises (1) a northern area partially corresponding to the Tunisian 
trough, characterized by a thick Cretaceous sequence (6,000 to 12,000 m) of 
bathyal facies; this is traversed by sheets or slices of “extrusive” Triassic, 
in places cropping out very extensively; (2) a southeastern part marginal 
to the Sahel and to the Saharan platform. 

The Northwestern Atlas has been subdivided, somewhat arbitrarily, into: 

(a) The Sub-Zone of Thrust Sheets (écailles),+ from Bizerte to the 
Ouargha, characterized, especially in its northeastern section, by numerous 
thrust sheets (écailles) of Eocene limestones. This shows two alignments 
of deposits, having perhaps a common origin, toward the Northeast in the 
vicinity of Mateur, the districts of El Grefa, and Graria, on the edge of an 
important Triassic sheet. Toward the Southwest, a first branch contains the 


1 Ecaille, literally shell or scale, is here translated as “thrust sheet” for want of a better 
term. According to Goguel (Traité de Tectonique), écaille is used in several senses: an as- 
semblage of folded beds bounded by a thrust fault; a fragment of a nappe isolated between two 
other units; a secondary nappe from subdivision of a major nappe by refolding.—Editor. - 
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deposits of Sidi Bou Krim, Bazina, Tabouna, then, the Djebel Sabbah and 
the Djebel Bou Seboua on one side, the Chara, Djebel Hallouf—Sidi Bou 
Aouane and Touireuf on the other; the second comprises the Semene, which 
likewise can be subdivided, one part with Ain Grich and El Haouaria, the other 
part with Djebba, Nebeur and Zag and Tir. This sub-zone, essentially high 
in lead, terminates in Tunisia on the frontier, with the blende-pyrite-galena 
deposits of Sakiet-Koucha, somewhat aberrant mineralogically (the para- 
genesis is allied rather more closely with the deposits of the following sub- 
zone), but in tectonic bearing from Touirent. 

(b) The Sub-Zone of the Synclinorium, characterized, principally in the 
Southwest, by the presence of Cretaceous brachyanticlines and the great 
Eocene synclines. It also comprises two principal alignments, marked by the 
Triassic sheets, with a common origin toward the northeast. At the latitude 
of Medjez el Bab, the alignment El Alia-Djedaria-E] Ahmera divided into one 
part with the deposits of Fedj el Adoum, Kebbouch, Dogra, Sidii, Garn 
Alfaya; the other part with those of Kef Lasfar, Knana, Koudiat Safra, El 
Akhouat, Bou Khil, Bou Grine, Lorbeus, Slata, Bou Jaber. This sub-zone 
comprises replacement deposits as well as impregnation of B.G.P. at the 
Triassic contact. 

Toward the southeast, a strip of nearly barren country, about forty km 
wide extending from Tunis to Thala, separates the units described above from 
the Southwestern part of the Tunisian Atlas. This region, characterized by 
Jurassic outcrops, along the important strike faults, with impregnations and 
replacements of lead or of zinc, has likewise been subdivided into: 

(a) The Sub-Zone of the Zaghouan-Kessera Anti-linorivm is well de- 
fined in the northeastern part, where it merges with the Jurassic and Aptian 
massifs of the Tunisian dorsal: Bou Kornine, Ressas, Zaghouan, Djebilet 
el Kohol, Serdj ; there, it divides into two branches : Belouta, Sekarna, Azered, 
Hamra and Kef Chambi, separated by a vast syncline having on its margin 
the districts of Sidi Mabrouk, Ain Khamouda. 

(b) The Sub-Zone of the Folds of Central Eastern Tunisia, which begins 
at the north, on the flank of the dorsal (Hammam Jedidi), then is more clearly 
defined at the edge of the Kairouan trench, by the alignment Trozza-Labeied— 
Mhrila-Nouba in a southwest direction, and Loridga-Touila-Mezzouna with 
northerly strike. 

(c) To the south, Southern Tunisia comprises folds trending E-W, with 
the sedimentary deposits of iron and phosphates. 

Finally, the Saharan Platform, which occupies all the southern part of 
Tunisia, is characterized by nearly flat Mesozoic formations with considerable 
cover. Naturally this undisturbed zone affords few indications of min- 
eralization. 

Thus, most of the metalliferous deposits are located in the northern part 
of the Tunisian Atlas. Since igneous intrusives are unexposed in this region, 
and would be found only at a great depth, this localization of mineralization 
is probably of purely tectonic origin. 

Structural F eatures.—lIt is in this zone that the two Atlas chains of Algeria 
reunite, after curving toward the northeast near the Algerian-Tunisian border. 
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This curving is especially marked by two series of faults: longitudinal ones, 
which are the more important because they are commonly the loci of Triassic 
“injections,” and therefore have penetrated deeply; the others, transverse, 
commonly diminishing to fractures, but perhaps having reactivated the first 
set in accentuating the uplift of the Triassic. The zones of rich mineralization 
generally occur at intersections, commonly in association with two later 
systems of slip fractures at 45 degrees with the principal directions. 

It is difficult to date these faults; the pre-Burdigalian Alpine orogeny was 
preceded by preliminary phases, before the Cenomanian, and before and after 
the Lutetian, and locally there is evidence of the influence of these different 
phases in the tectonics of the region, in particular, the diapirism was certainly 
started at the Pyrenian phase at least. On the other hand, the major par- 
oxysmal phase at the close of the early Quaternary was followed by local 
subsidence, which still continues. Northern Tunisia has therefore been an 
area of continuous instability since the beginning of Tertiary time. 

Problem of the Triassic-——The Triassic in North Africa poses a problem 
that is essentially structural. Relationships between the Triassic material and 
the mineral deposits have long been recognized, and it has been thought that 
it might have facilitated the upward movement of emanations. The Triassic 
material is literally injected into longitudinal faults and the successive de- 
formations up to the recent paroxysmal phase have accentuated this structure. 
There is reason to believe that it was then that the mineralization was de- 
posited at the contacts and in the vicinity of the Triassic, which it accompanied 
in its upward movement. The Triassic layers very probably represent true 
“living faults” (36) active from Cretaceous up to the present period, and one 
might imagine that they have maintained a continuous relationship with 
the faults of the basement rocks, the hydrothermal introductions having been 
derived from old mineralization in the basement (6, 15) or even directly from 
deep intrusive magma. This problem will be discussed in detail below, but 
it may be noted here that the Triassic injections and the hydrothermal intro- 
ductions were undoubtedly two results of the same tectonic cause. Is there 
entire dependence of mineralization on extrusive phenomena? One cannot 
affirm that this is so in every case. It is obviously enticing, in a country like 
Tunisia, where igneous magmas are at great depth, to substitute for them this 
perfect succession of the “intrusive” rocks viz., the “injected” sedimentary 
Triassic. 


Stratigraphic Distribution 


The geologic map of Tunisia shows the extent of the Cretaceous, Tertiary 
and Recent outcrops. The Jurassic is but little known except in the northern 
and dorsal massifs, and in some points in central Tunisia. The Triassic is 
almost everywhere “extrusive” as diapirs in abnormal position, emphasizing 
the recent orogeny. 

If one examines the stratigraphic pattern in comparison with the metal- 
liferous deposits of North Africa (Fig. 3) one notes that in Morocco only the 
Paleozoic and Liassic formations are mineralized. Most of the Algerian 
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deposits.are found in the middle Jurassic and the lower Cretaceous, whereas 
in Tunisia the deposits are concentrated in the upper Cretaceous and Tertiary 

One sees a shifting of the mineralization from the Paleozoic to the 
Mio-Pliocene on passing from west to east in North Africa, in accordance 
with the statistical distribution of outcrops in each country. 
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Although the control of mineralization by physically favorable rocks, such 
as disturbed micro-brecciated beds or chemically favorable rocks such as 
limestones and dolomites, is strictly applicable in Morocco and the greater 
part of Algeria, certain exceptions to it can be found in Tunisia. 

The Permian crops out only in the Sahara, in the small anticlinal range 
of Tebaga, where it consists of fractured dolomites and limestones, with a 
small zinc-bearing vein deposit. 

In northern Tunisia the Triassic is almost exclusively “injections” through 
the overlying formations along faults, especially strike faults. It commonly 
consists of a bi-colored argillo-gypsiferous breccia containing blocks of dolo- 
mite and sandstone. It is itself rarely mineralized because of its impermeable 
nature but, quite anomalously, sandy clays and especially certain dolomitic 
bars or breccias, particularly important in the allochthonous breccia and al- 
ways close to the contact, carry workable stockworks and replacements (Ain 
Allega, Bazina, Bechater, Sidii, Dogra, Zag and Tir, Loridga) ; the extension 
of such deposits, is always limited. But the margins of the lenses of Triassic 
at their contacts with highly contrasting formations commonly carry an auto- 
chthonous friction breccia containing enriched zones that are commonly 
lenticular and are locally called “contact deposits” (gites de contact). Most 
of the B.G.P. deposits of the southern part of the Tunisian Atlas belong to 
this type, commonly associated with deposits in transverse veins (Sakiet- 
Koucha, Fedj el Adoum, Kebbouch, Garn Alfaya, Kef Lasfar, Knana, El 
Akhouat, Bou Grine, Lorbeus). 

Jurassic formations rarely outcrop except in the northern end of the axial 
anticlinorium of the Tunisian Atlas; they are composed of hard limestones, 
either Liassic (Grand Zaghouan, Djebilet el Kohol) or Portland limestone 
(Ressas, Sidi et Taia, Hammam Zriba), very favorable to lead-zinc replace- 
ment deposits. 

The Neocomian, essentially marly, is rarely mineralized. It is, however, 
in limestones of lower Cretaceous age that the petroleum well drilled near El 
Akhouat, has cut, at 2685 m, a stockwork of sphalerite, calcite and galena. 

It is the same with the bathyal Aptian of the Tunisian trench, but toward 
the south, this formation becomes favorable to replacement deposits either in 
the sub-zone of the synclinorium (hard limestones of Slata and of Bou Jaber), 
or in the anticlinorium and in central Tunisia (limestones and dolomites of 
Serdj, of the Azered, of the Hamra, Kef Chambi, Trozza, Ain Nouba and of 
Touila). : 

The Cenomane-Turonian, very marly in the north, contains the curious 
impregnation deposit of the Djebel Diss. It is more calcarious in the northern 
part of the Tunisian Atlas, and contains several vein deposits and stockworks 
associated with the “contact deposits” (Fedj Assene, Djebba, Nebeur, Fedj 
el Adoum, Garn Alfaya, El Akhouat) ; toward the south, it becomes dolomitic, 
with ‘replacement deposits (Kef Chambi). The small manganese deposits of 
southern Tunisia also occur in this formation. 

The Lower Senonian is always marly, and only the impregnation deposit 
of Oued Maden in Kroumirie is known there. 


The Upper Senonian shows many-vein deposits (with cavity fillings) in 
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its upper part which consists of the rather hard massive limestones of the 
Maestrichian in all the northern zone of the Tunisian Atlas (Andouns, 
Tabouna, Chara, Hallouf, Sakiet, Lorbeus). 

The Eocene contains, in its middle part, the massive limestones which, 
although of favorable appearance, are rarely mineralized (Touireuf, Sekarna). 
However, the base of this series contains all the thick sedimentary deposits 
of iron (Djebel Anh) and of phosphate. 

Deposits in the Oligocene of the Kroumirie-Nefza zone are unknown; in 
the Tunisian Atlas this formation contains the small replacement deposits 
of Koudiat Safra and of Djebel el Abeid. The sandstones of the Burdigalian 
contain several small replacement deposits in the northern part of the Tunisian 
Atlas (El Alia, Djedaria, El Haouaria). 

Finally, the Miocene at the north of the same zone contains small replace- 
ment deposits and relatively important interstitial impregnation, (Djalta, 
Semene, Sidi bou Aouane). 

It appears, then, that there is a distribution of mineralization throughout 
the whole stratigraphic column of Tunisia; the principal deposits are im- 
pregnations at the “Triassic contact,” replacement deposits in the Jurassic, the 
Aptian and the Miocene, and vein deposits in the upper Cretaceous, as well as 
the cavity fillings associated with all these types. Despite this distribution, all 
the hydrothermal deposits are probably of the same age. 


CHARACTER OF DEPOSITS 


Types of Deposits 


Replacement deposits proper occur mainly in the limestones and sandy 
conglomerates in the small Miocene synclines of Bejaoua (Djebel el Grefa, 
Djebel Semene, Sidi bou Aouane) where the ore is very fine-grained and 
almost entirely of lead (Figs. 4.1, 4.2 and 4.3). A more classic type of 
replacement with large crystals occurs in association with other kinds of de- 
posits in Aptian limestones and dolomitic limestones toward the southeastern 
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Aa Various recent cover (crusts, scree, soils). 
Pq Early Quaternary and Pliocene (lacustrine brecciated limestones). 
m* Mio-Pliocene (clays and host series of sandstone, conglomerate and lacustrine 

limestones ). 
eye" Marls at the transition from Cretaceous to Tertiary. 
c’* Upper Senonian (host rock series of massive limestones, with marly and 

marl-lime intercalations). 
c’ Lower Senonian (marls with some limestone intercalations). 
Cy, Aptian host rock (alternations of limestones), quartzites and marls, with 

massive subreef limestone). 
Cyy-y Neocomian (marls and marly limestones). 
iis Portlandian host rock (massive subreef limestone). 
t Triassic diapir and extrusive (gypso-dolomitic breccias). 
Black = mineralized zones. 
(e= Pb; B.P.G. = Blende, Pyrite, Galena) 
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ats 


Q 
2. 
nH 
=) 
x 


166 
é 
Fie. 
| 


THE LEAD-ZINC-BEARING DEPOSITS OF TUNISIA 167 


end of the Tunisian Atlas. Zones of veins may occur along with replacements as 
at Djebel Slata (Fig. 4.5) but a rather common occurrence is galena in caves, 
pipes, or vugs of karst origin, indicating that the mineralization was later 
than one or more emergences. Some nodules of massive galena weighing 
up to 40 kg (Fig. 6.1) are molded in karst cavities (Djebel el Hamra). Cer- 
tain beds (Slata) or walls of cavities are lined with galena crystals, some of 
them enormous (Fig. 6.2). One cavity, at Sidi Bou Aouane, yielded beauti- 
ful stalactites showing in cross section one or two concentric rings of galena 
in calcite (Fig. 6.3). 

Simple vein deposits are not very common but clean-cut veins are known 
in the Senonian limestones, as at Fedj Assene, where the mineralization is 
largely blende, and at Djebel Hallouf (Fig. 4.3), where it is of lead-arsenic 
and highly oxidized. But the beautiful classic B.P.G. lodes, concretionary 
and crustified, well known in the limestones of the upper Cretaceous of the 
Kef region (Fig. 6.5), are associated with the impregnations along fissures at 
the Triassic contact (Fedj el Adoum, Djebel el Akhouat, Sakiet-Koucha) 
(Fig. 4.4). 

The type intermediate between veins and replacement deposits is well 
represented in North Africa: this is the fissure deposit (gite de cassure) of 
the Moroccan geologist (7). [ts aspect is vein-like with breccia fillings, but 
there is also replacement or impregnation of the lode walls, as well as filling 
of the cavities in the vicinity of the fracture; this mixed type is common in 
the Senonian limestones (Amdouns). 

Finally, a fourth type of deposit peculiar to Tunisia and to the Constantine 
consists of fissure impregnation ; it is not a true replacement but a filling, by 
way of very fine stockwork, of thin fissures of millimeter size, without 
preferred orientation in the various tectonic breccias, either in the broken 
zones at the contact of the Trias (commonly with a vein-like extension), or in 
broken thrust plates of Eocene (Ressas-Touireuf) or Jurassic (Djebel Ressas) 
limestones (Figs. 4.6 and 5.6). 

These impregnation deposits, as well as certain veins, may contain lenticu- 
lar zones of enrichment (the “colonnes” of the miners), generally at the inter- 


Fic. 5. Replacement deposits. 


1. Continental Miocene of the Djebel Semene—Red conglomerates, with idio- 
er gi and acicular galena (white), around a limestone pebble: Reflected light. 
150. 

2. Oligocene of Koudiat Safra——Sandstone with bands of galena, preferentially 
in lignitic partings. x 4/5. 

3. Cenomanian of the Kef Chambi.—Dolomitic limestone with runs of galena. 
x 1/3. 

4. Aptian of the Djebel bou Jaber.—Limestone with crystals of galena in the 
ground mass. 

5. Aptian of Sidi Amor ben Salem.—Dolomitic limestone with galena and 
baguettes of quartz showing rhombohedral forms of the carbonates. Polarized 
light. x 140. - 

6. Deposits of impregnation of disturbed zones. Jurassic of the Djebel Ressas. 
—Breccia fragments of white calcite in large granules, and fine cement of black 
calcite, galena and sphalerite. x 2/3. 
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section of faults, veins or fractures. It is possible that these openings are 
at least partly of karst origin. 


Oxidation 


In certain Tunisian deposits, gossans are mostly absent, except for the 
outcrops of certain veins where they are always ferro-calamines, with galena 
boxworks, as at Djebel Hallouf and at Sakiet. Nevertheless, oxidized zones 
are generally very important in a limestone environment. They are com- 
posed essentially of carbonates—smithsonite (with hydrozincite and calamine) 
and cerusite (with anglesite and residues of galena). No zone of cementation 
is recognized in the Tunisian deposits. 

The limit of the oxidized zone is, generally, about the groundwater table. 
However, in a marly environment the oxidation is generally very superficial, 
and the sulphide zone in blende-pyrite-galena or in blende-galena extends 
almost to the outcrops (Oued Maden). There are, however, several lead 
deposits with deep oxidation, at the edges of collapse structures, in particular 
of that of the Medjerda (Djebel Hallouf and Touireuf). Here the oxidized 
zone reaches at least to a hundred meters below the present groundwater table. 
This is the case only in a limestone environment; at the flank of Djebel 
Hallouf, the deposit of Sidi Bou Aouane, with marly walls is practically 
without an oxidized zone (Fig. 4.3). 


Tectonic Distribution 


It is interesting to note that to some extent the mineralogic distribution 
follows the tectonic lines. 

The Kroumirie-Nefza zone contains the B.P.G. and B.G. deposits, with 
very fine crystallization only slightly oxidized, with mercury, arsenic and 
antimony. The margin contains few deposits, except lead and zinc, and 
little iron ; these are in all cases strongly oxidized. 

In the Tunisian Atlas, the sub-zone of Béjaoua-~Ouargha is almost ex- 
clusively lead-bearing (at least, at the present stage of depth exploration). 
The synclinorium contains B.P.G. deposits of rather coarse crystallization. 
Finally, the anticlinorium and central Tunisia generally carry simple deposits, 


Fic. 6. Deposits of solution cavities. 


1. Aptian, Djebel el Hamra.—Kidney of galena, encrusted with cerusite, show- 
ing forms characteristic of karst cavity. x 1/8. 

2. Aptian, Djebel Azered.—Group of galena cubes, encrusted with calcite, in 
the wall of a cave in Aptian limestones. X 1/5. 

3. Miocene of Sidi bou Aouane.—Stalactite of calcite (seen in section), with 
two concentric rings of galena (solution channel in lacustrine limestone). X 2. 


Veins 
4. Eocene, Ragoubet Halgen Naga—Vein of calcite with pisolites of galena, 
aragonite and sphalerite. x 1. 
5. Senonian, Sakiet Sidi Youssef—Concretion in cockade of sphalerite (schalen- 
blend) with crystals of galena in some bands. 
Recurrence of the two minerals around a fragment of limestone. X 1. 
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whether lead ores or zinc ores. Southern Tunisia is characterized by sedi- 
mentary deposits (iron and phosphate). 

It is unlikely, in so far as the hydrothermal deposits are concerned, that 
this distribution indicates different cycles of deposition. In Tunisia the 
association is in all cases lead-zinc-iron although one or the other of the 
elements may be dominant. 


Character of Ores 


Major Elements—The Fe-Pb-Zn association is represented on the one 
hand by deposits almost exclusively iron-bearing ; on the other, by lead-zinc- 
bearing deposits, in most of which lead or zinc dominate over other metals. 
Iron is still present in proportion equal to or even greater than the two other 
constituents, in some cappings and sulphide zones of deposits with B.P.G. 


TABLE III 
ANALYSES OF ORES 
Deposit... . El Grefa Bou Aouane Sidi Amor Dj. Hallouf Sakiet 
Marketable ore Sorted ore Sorted ore High grade ore Coarse ore 

Pb 61.07 67 62.25 22.06 3.78 
Zn 1.64 5.10 0.10 2.84 5.68 
Ag (per ton) 4 gr 400 gr 
Fe20; 2.78 6.84 1.21 5.91 5.60 
As 0.33 2.95 0.01 0.61 
Sb 0.20 1.62 0.10 0.05 
Ss 9.89 17.25 7.02 6.31 
SiO. 0.80 0.72 8.25 12.87 21.90 
AlsO; 2.52 0.68 7.48 11.80 
CaO 4.50 1.40 0.40 22.23 20.00 
MgO 0.11 0.10 0.26 0.36 
SO,.Ba, Sr 3.48 3.44 1.88 
CO:, O 10.90 5.76 22.68 16.15 


paragenesis, which represent a little less than a fourth of the lead-zinc-bearing 
deposits—some 12 or 13 deposits, located entirely in the synclinorium of the 
Tunisian Atlas. 

This paragenesis in the districts of Fedj el Adoum and of Djebel el 
Akhouat has been the subject of a detailed mineralogical study by J. Bolze 
and H. Schneiderhohn (6) from which the following passages are taken: 
“The Blende . . . of the schalenblende type . . . in all cases shows beautiful 
concretionary structures, in cockades ... the colloidal texture shows a 
mosaic of very fine lamellae of twinned sphalerite. . . . There is no indication 
of a change from the colloidal deposit of Zn to the state of schalenblende by 
way of wurtzite.” 

But, in the Algerian and Tunisian deposits, the blende is commonly com- 
pletely oxidized, and the ore is composed of smithsonite, in some places ac- 
companied by hydrozincite and hemimorphite; these are the calamines of 
miners, which appear in very diverse forms. They are rarely crystallized, 
generally massive, banded, mammillary or concretionary or stalactitic in shape, 
and of a great variety of colors. 
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“Galena is generally well crystallized in simple cubic forms. . . . The 
crystals are often deformed or even crushed.” In the oxidized zones, the 
lead appears chiefly in the form of black cerussite, very finely crystallized. 

“The sulfide of iron is deposited principally as marcasite . . . in beautiful 
concretionary or arborescent forms. . . . Pyrite generally forms the base of 
simple radiating crystals of marcasite. Finally, an amorphous or crystalline 
sulphide of iron in the form of melnikovit-pyrite sometimes is visible in small 
spherulites. . . . The sequence of the three sulfides is not constant. Never- 
theless, in general the following succession is observed: galena, blende, 
marcasite-pyrite, calcite.” 

At Sakiet Sidi Youssef an identical association shows a first deposition 
of galena and quartz, with secondary calcite, and a second deposition of pyrite, 
blende, marcasite and schalenblende (in places replacing the pyrite), the whole 
accompanied by later calcite and quartz. On the other hand, in another vein, 
the succession is normal: schalenblende, then galena. In addition there are 
recurrences of the three sulphides providing beautiful banded specimens (Fig. 
6.5). In the B.G. deposits, a reversal is also common; the pisolitic ores of 
Ragoubet Halgen Naga show, at the center of the pisolites, corroded crystals 
of galena, concentrically coated by calcite, jordanite and blende (Fig. 6.4). 

It appears impossible, in Tunisia, to use the texture of the ore and of 
galena in particular, in determining the age or the type of deposit. The 
texture seems to depend solely on the environment; the grain size of galena 
is very fine in a marly environment (in the replacement deposits of the Mio- 
Pliocene, in some veins or disseminated deposits), but the grain of the galena 
becomes coarser in a calcareous or dolomitic environment (in the vein de- 
posits, the impregnations at the Triassic contact and the replacement deposits 
in the Cretaceous). The fineness of grain of the galena and of the cerussite is 
extraordinary in some Tunisian deposits, ranging about a micron and sug- 
gesting deposition as a colloidal gel. 

Minor Elements.—It has not been possible to establish the relation be- 
tween the silver content of the lead ores and the type of deposit or its rela- 
tive age. The Tunisian ores are sparsely silver-bearing on the whole—the 
deposits of impregnation and of replacement in the Portland and Aptian 
limestones seem to have the highest content, quite regularly from 250 to 500 
grams per ton. The replacement deposits in the Miocene are not silver- 
bearing. Between these limits, the silver content does not seem to obey any 
law. The other elements are less widely distributed, and still less well known. 

Cadmium, in the form of greenockite, has been recognized only in some 
B.P.G. deposits of the subzone of domes, in the region of Kef (Fedj el Adoum, 
Sakiet-Koucha, Garn Alfaya). 

Vanadium is known in the fissure deposits of Djebba, of Oued Kohol and 
of Hamman Jedidi (vanadinite and dechenite), the replacement deposits of 
the Djebel Agab (vanadinite and descloizite) and the impregnations of Ain 
Allega and of the Djebel Diss (vanadinite). 

Molybdenum has been found sporadically in the impregnation deposits of 
Touireuf, in the form of wulfenite. 
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Mercury is found in small quantities at Oued Maden in the form of cin- 
nabar and metacinnabar and also at Djebel Arja (cinabre). 

Arsenic is present in some of the deposits at the boundary of the Medjerda 
trench in the form of realgar (Oued Maden, Fedj Assene), mimetite and 
jordanite (Djebel Hallouf, Sidi bou Aouane). 

Antimony is also quite uniform in the deposit of Oued Maden in the form 
of stibnite and boulangérite. 

Copper is very widespread in most of the metalliferous deposits, generally 
in small quantities (berthonite at Slata, bournonite and tetrahedrite at Oued 
Maden, chalcocite at the Kebbouch, chalcopyrite, azurite and malachite in the 
iron gossans). 

Manganese is rather rare in the lead-zinc-bearing deposits in the form 
of cesarolite (Slata, bou Jaber). 

Thus all the minor elements are sporadic and unimportant. 

Gangue and Accessory Minerals——The gangue of the ores is generally 
limestone, calcitic, dolomitic and limonitic, rarely argillaceous or gypsiferous ; 
barite appears quite commonly, especially in the upper zones of the deposits; 
fluorite and celestite are present in a few deposits. Nevertheless, these three 
minerals serve in places to form small workable deposits. 

Hydrothermal silica is rather rare; quartz is present, however, in some 
vein deposits or B.P.G. replacement deposits at the contact of the Triassic. 
But the Aptian formations of the Cretaceous arches are commonly silicified ; 
one sees there a veritable invasion of the limestones by rods and needles of 
quartz, forming rocks of lattice structure of an extraordinary toughness 
(Fig. 5.5). The same phenomenon is found in some Jurassic limestones and 


dolomitic limestones of the dorsal. This silicification in many cases seems 
to be preceded by dolomitization, perhaps hydrothermal also, and both phe- 
nomena antedate the advent of the lead-zinc. 


Origin of the Hydrothermal Solutions 


Tunisia is a perfect illustration of the problem of telethermal deposits, 
remote from any eruptive magma; the sedimentary column is very thick. 
The only outcrops of igneous rocks are found at about 60 km off the Tunisian 
coast in the archipelago of la Galite, consisting of granular (granodiorites) 
and micro-granular (microgranites) rocks, with only a few iron-copper- 
bearing veinlets ; and in the Nefza, where there are some flows of dacitic and 
basaltic rocks. The greater part and the most important of the metalliferous 
deposits are located in the south and even there the only igneous rocks are 
some blocks of ophite embedded here and there in the Triassic and they do 
not play any metallogenic role. 

We have examined, above, the tectonic problem posed by the Triassic 
and have shown how various authors have interpreted it as intrusional, 
intermediate in nature between magma and sediment, or a companion 
or source of ascending thermo-mineral emanations. This association is 
well illustrated in the Tunisian Atlas; it has been established that there is 
particularly between the two mineralized regions of the synclinorium and the 
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anticlinorium, a hiatus forming a sterile zone about 40 km wide, which is very 
undisturbed, and almost devoid of Triassic outcrops. 

The mechanical role of the Triassic, unquestionable as far as the movement 
on the “living faults” is concerned, would double as a chemical role: the 
“primitive” deposits, whether in the Triassic or Liassic (15), or in the 
basement faults (6), would have been dissolved and their elements retrans- 
ported by waters charged with saline solutions in their movement to the 
contact of the Triassic. We have seen that most of the deposits of the 
Triassic contact in Tunisia show a common reversal in the B.P.G. paragenesis ; 
sulfuretted hydrogel of lead and zinc would have deposited first lead sulphide, 
then blende, with a colloidal texture in rosettes around crystals of galena (6). 
In brief, the Tunisian telethermal deposits would be the “emigrant deposits” 
(L. Glangeaud) or “secondary hydrothermals” (H. Schneiderhdhn). 

This hypothesis, however, calls for the following observations: 

(1) More than half of the mining districts are located at a certain distance 
(1 km or more) from the Triassic outcrops, commonly with thick impermeable 
formations between them. 

(2) The principal Triassic massifs (Oued Zarga, Debadib) are not as- 
sociated with important deposits in the area. 

(3) We know of no important mineralization within the Triassic and 
have no record in fragments of the Triassic breccias of a former mineraliza- 
tion. On the other hand there may be present, especially at the borders 
of the ophite blocks, such minerals as tourmaline, actinolite, hematite, epidote, 
and pyrite, representing a belated hydrothermal pneumatolytic phase. Why 
should not the arrival of Fe-Ph-Zn be another manifestation of the same 
kind? 

(4) Chemical considerations (reversal or absence of silica), apply to only 
a part of the Tunisian deposits. Furthermore absence of silica is far from 
absolute; quartz is present in some B.P.G., and especially in most of the 
deposits located in the Aptian formations, where an important silicification is 
associated with the dolomitization. These latter characteristics recall the 
great American replacement deposits. 

(5) Finally, if one stresses, in a general way, and with good reason, the 
telethermal nature of the Tunisian deposits, it is still no less true that there 
was eruptive activity during the course of the Miocene; and this, though 
evidently very local, must nevertheless have preceded the metalliferous em- 
placements. 

In summary, while this theory can account for a certain number of im- 
pregnations of B.P.G. of the Tunisian Atlas, it appears somewhat premature 
to extend it to all of the North African deposits. 

Moreover, certain hot springs that rise in the vicinity of some deposits 
have also been examined, as well as all the waters pumped out of the principal 
mines. The Tunisian thermal springs are, on the whole, chlorinated, sulfated, 
or chlorosulfated, and few are known near the deposits; the main ones are 
those of Hamman Gabrit, near the Kharguet Kef Tout (26°), Hamman Lif, 
at the foot of Djebel bou Kornine (43° and 50°), Hamman Jedidi (61°), 
Hamman Zriba (46°) and Hamman Zebbeus, at the foot of Kef Chambi 
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(35°). But the relatively deep workings of some mines have tapped hot 
waters: Djebel Hallouf, at 175 m in depth (29°); Sakiet Sidi Youssef, at 
150 m (23°) ; Sidi Amor ben Salem, at 220 m (38 to 42°) ; Bou Jaber-Est, 
at 50 m (38°). Yet the low lead content (less then a milligram per litre) of 
certain hot or cold waters pumped from mines does not seem to bear any 
relation to their temperature. Thus, the water of Sidi Amor contains only 
0.15 mg of lead per liter, whereas the cold waters of Fedji el Adoum contain 
from 0.4 to 0.8. There must be, in certain cases, a mild dissolution of the 
sulphates or carbonates of lead of the deposits, and there is no reason to think 
that the hot waters represent the residues of the mineralizing solutions. 


Age of Mineralization 


To resolve this problem, there are available the less theoretical factors. 
It has been seen that the first known phases of Triassic “injection” date, at 
least, from the Pyrennean movements, at the beginning of the Tertiary; but 
it seems indeed that the Triassic was not then accompanied by mineralizers. 
No indications have yet been found in the pebbles of the conglomerates of 
the lower Miocene. 

The replacement deposits in the Miocene of Northern Tunisia give us, 
moreover, a precise indication, for we have shown that there is no com- 
pelling reason to postulate many cycles of deposition, but rather several stages 
in the same cycle (variations in the B.P.G. paragenesis, breccias recemented 
by ore). In particular, examination of the deposit of Douaria (17) shows 
that the ferriferous mineralization that affects the continental beds whose top 
is well dated as Pontian, was probably complete at the end of this epoch; one 
finds, indeed, in the overlying non-mineralized beds, pebbles of ore derived 
no doubt from the mineralized beds, for it appears difficult to imagine that 
these would have been mineralized after their deposition. One is therefore 
led to conclude that the Tunisian ore deposits are related to the last paroxysmal 
phase of the Alpine folding, that is to say, they are of Miocene age. 

Indeed, a final indication is afforded by a deep oxidized zone in certain 
lead deposits at the edge of the subsidence trench of the Medjerda (Djebel 
Hallouf and Touireuf). One can hardly explain this phenomenon except by 
the existence of a fossil water table which would be related to the amount 
and rate of subsidence. Therefore, the ores must have been deposited prior 
to the isostatic readjustment that has caused diverse local trenches of subsi- 
dence in Tunisia throughout the recent Quaternary. These final movements 
are again attested by distortion, crushing and even cutting of mineralization by 
the later Triassic “injection,” and even by small faults of readjustment, 
subsequent to the mineralization. 


CONCLUSIONS: CONDITIONS OF DEPOSITION 


The general geologic and metallogenic considerations permit us to examine 
the factors controlling the localization of the lead-zinc ores in Tunisia.’ 


2 The percentages are calculated according to the importance of the deposits (tonnage 
taken out and reserves at the close of 1953). 
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(1) The structural factors seem the most important: the metalliferous 
deposits are concentrated in the folded area of Tunisia, that is to say, at the 
border of the Alpine zone, and particularly in the northwest half of this 
region (75 percent of the deposits). There is a quasi-periodic distribution of 
the principal districts, following the tectonic alignments. The B.P.G. para- 
genesis is certainly related to the last Alpine phase. A statistical analysis 
of the relations between the visible faults and the mineralization gives the 
following results: strike faults (with or without intruded Triassic) appear 
in almost all cases (85%), associated with the transverse faults (13%) or 
with slips (fractures de glissement) (9%) or, particularly, with one or the 
other (50%). 

(2) The stratigraphic factors depend on the physical-chemical conditions. 
In the absence of igneous rocks, one notes a distribution of the mineralization 
in all the Mesozoic and Tertiary section or in company with the layers of the 
“extrusive” Triassic. The statistical analysis shows that there is a direct 
relation between the favored stratigraphic stages and the nature of the rocks 
that compose them: the upper Cretaceous, calcareous, containing 38 percent 
of the known ore deposits, the middle Cretaceous, calcareous and dolomitic, 
17 percent, the Jurassic, calcareous, 15 percent (although not very extensive) ; 
the Neogene, conglomeritic sandstone 13 percent, the Triassic and its brecciated 
border, 12 percent, and finally the Paleogene, calcareous and sandy, 5 percent. 

(3) The physical-chemical conditions are naturally in accord with the 
preceding factors: the “extrusive” Triassic or diapir probably plays a double 
mechanical and chemical role, and, if its influence on the hydrothermal ac- 
tivity is not demonstrated in all cases, it is very probable for one part, at least, 
of the lead-zinc bearing deposits. The mineralization in Tunisia is not en- 
tirely localized in favorable rocks, that is to say, in readily faulted horizons, 
in shattered zones with micro-fractured constituents, and especially rocks 
subject to easy and large scale solution and metasomatism (78% of the in- 
stances). If the limestones, in fact, represent the principal host (529: } 
next the dolomites (11%), the breccias of the Triassic contact (8%) and th: 
sandstones and conglomerates (7%), it is none the less true that there are 
substantial impregnations in such rocks as the marls or the clays. This fact 
is quite characteristic, as well as the relative barrenness of the dolomites, as 
compared to Morocco, for example. 

The relative importance of the types of deposits is not easy to determine, 
because of their complexity. At most one can say that the vein deposits, with 
impregnation of lode walls and filling of cavities, exceed the deposits of im- 
pregnation and of true replacement. 

(4) Tunisia forms, with the Constantine, a Mediterranean metallogenic 
sub-province characterized by the unique lead-zinc-iron paragenesis. Despite 
local variations in the predominance of one or another of these elements, one 
can consider that there was only one period of mineralization which was 
quite recent, of Miocene age. 

(5) The fineness of the grain, the concretionary and ribboned appearance 
of the ores, in places pisolitic or stalactitic, indicates deposition at low tempera- 
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(35°). But the relatively deep workings of some mines have tapped hot 
waters: Djebel Hallouf, at 175 m in depth (29°); Sakiet Sidi Youssef, at 
150 m (23°) ; Sidi Amor ben Salem, at 220 m (38 to 42°) ; Bou Jaber-Est, 
at 50 m (38°). Yet the low lead content (less then a milligram per litre) of 
certain hot or cold waters pumped from mines does not seem to bear any 
relation to their temperature. Thus, the water of Sidi Amor contains only 
0.15 mg of lead per liter, whereas the cold waters of Fedji el Adoum contain 
from 0.4 to 0.8. There must be, in certain cases, a mild dissolution of the 
sulphates or carbonates of lead of the deposits, and there is no reason to think 
that the hot waters represent the residues of the mineralizing solutions. 


Age of Mineralization 


To resolve this problem, there are available the less theoretical factors. 
It has been seen that the first known phases of Triassic “injection” date, at 
least, from the Pyrennean movements, at the beginning of the Tertiary; but 
it seems indeed that the Triassic was not then accompanied by mineralizers. 
No indications have yet been found in the pebbles of the conglomerates of 
the lower Miocene. 

The replacement deposits in the Miocene of Northern Tunisia give us, 
moreover, a precise indication, for we have shown that there is no com- 
pelling reason to postulate many cycles of deposition, but rather several stages 
in the same cycle (variations in the B.P.G. paragenesis, breccias recemented 
by ore). In particular, examination of the deposit of Douaria (17) shows 
that the ferriferous mineralization that affects the continental beds whose top 
is well dated as Pontian, was probably complete at the end of this epoch; one 
finds, indeed, in the overlying non-mineralized beds, pebbles of ore derived 
no doubt from the mineralized beds, for it appears difficult to imagine that 
these would have been mineralized after their deposition. One is therefore 
led to conclude that the Tunisian ore deposits are related to the last paroxysmal 
phase of the A!pine folding, that is to say, they are of Miocene age. 

Indeed, a final indication is afforded by a deep oxidized zone in certain 
lead deposits at the edge of the subsidence trench of the Medjerda (Djebel 
Hallouf and Touireuf). One can hardly explain this phenomenon except by 
the existence of a fossil water table which would be related to the amount 
and rate of subsidence. Therefore, the ores must have been deposited prior 
to the isostatic readjustment that has caused diverse local trenches of subsi- 
dence in Tunisia throughout the recent Quaternary. These final movements 
are again attested by distortion, crushing and even cutting of mineralization by 
the later Triassic “injection,” and even by small faults of readjustment, 
subsequent to the mineralization. 


CONCLUSIONS: CONDITIONS OF DEPOSITION 


The general geologic and metallogenic considerations permit us to examine 
the factors controlling the localization of the lead-zinc ores in Tunisia.’ 


2 The percentages are calculated according to the importance of the deposits (tonnage 
taken out and reserves at the close of 1953). 
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(1) The structural factors seem the most important: the metalliferous 
deposits are concentrated in the folded area of Tunisia, that is to say, at the 
border of the Alpine zone, and particularly in the northwest half of this 
region (75 percent of the deposits). There is a quasi-periodic distribution of 
the principal districts, following the tectonic alignments. The B.P.G. para- 
genesis is certainly related to the last Alpine phase. A statistical analysis 
of the relations between the visible faults and the mineralization gives the 
following results: strike faults (with or without intruded Triassic) appear 
in almost all cases (85%), associated with the transverse faults (13%) or 
with slips (fractures de glissement) (9%) or, particularly, with one or the 
other (50%). 

(2) The stratigraphic factors depend on the physical-chemical conditions. 
In the absence of igneous rocks, one notes a distribution of the mineralization 
in all the Mesozoic and Tertiary section or in company with the layers of the 
“extrusive” Triassic. The statistical analysis shows that there is a direct 
relation between the favored stratigraphic stages and the nature of the rocks 
that compose them: the upper Cretaceous, calcareous, containing 38 percent 
of the known ore deposits, the middle Cretaceous, calcareous and dolomitic, 
17 percent, the Jurassic, calcareous, 15 percent (although not very extensive) ; 
the Neogene, conglomeritic sandstone 13 percent, the Triassic and its brecciated 
border, 12 percent, and finally the Paleogene, calcareous and sandy, 5 percent. 

(3) The physical-chemical conditions are naturally in accord with the 
preceding factors: the “extrusive” Triassic or diapir probably plays a double 
mechanical and chemical role, and, if its influence on the hydrothermal ac- 
tivity is not demonstrated in all cases, it is very probable for one part, at least, 
of the lead-zinc bearing deposits. The mineralization in Tunisia is not en- 
tirely localized in favorable rocks, that is to say, in readily faulted horizons, 
in shattered zones with micro-fractured constituents, and especially rocks 
subject to easy and large scale solution and metasomatism (78% of the in- 
stances). If the limestones, in fact, represent the principal host (52%), 
next the dolomites (11%), the breccias of the Triassic contact (8%) and the 
sandstones and conglomerates (7%), it is none the less true that there are 
substantial impregnations in such rocks as the marls or the clays. This fact 
is quite characteristic, as well as the relative barrenness of the dolomites, as 
compared to Morocco, for example. 

The relative importance of the types of deposits is not easy to determine, 
because of their complexity. At most one can say that the vein deposits, with 
impregnation of lode walls and filling of cavities, exceed the deposits of im- 
pregnation and of true replacement. 

(4) Tunisia forms, with the Constantine, a Mediterranean metallogenic 
sub-province characterized by the unique lead-zinc-iron paragenesis. Despite 
local variations in the predominance of one or another of these elements, one 
can consider that there was only one period of mineralization which was 
quite recent, of Miocene age. 

(5) The fineness of the grain, the concretionary and ribboned appearance 
of the ores, in places pisolitic or stalactitic, indicates deposition at low tempera- 
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ture (on the order of 100°). The almost complete absence of eruptive rocks 
makes Tunisia a type country of telethermal deposits. 
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FIXATION OF URANIUM IN THE OXIDIZED BASE METAL 
ORES OF THE GOODSPRINGS DISTRICT, 
CLARK CO., NEVADA* 


PAUL B. BARTON, JR. 
ABSTRACT 


Many of the mines of the Goodsprings District exhibit anomolous 
radioactivity attributable to uranium and its decay products. Most com- 
monly the radioactivity is localized by limonite, hydrozincite, ferruginous 
chert and chrysocolla. Secondary uranium minerals are rare and no 
primary uranium minerals were identified. The radioactivity from those 
materials that are free from visible uranium minerals is attributed to 
uranium adsorbed from solution by colloidal substances during the oxida- 
tion of pitchblende-bearing primary sulfide ore bodies. Laboratory studies 
show that uranyl carbonate, uranyl hydroxide and uranyl ions are ad- 
sorbed by colloidal hydrous ferric oxide or basic zinc carbonate. Upon 
crystallization of the adsorbent, the uranium is either returned to solution 
or forms discrete uranium minerals within the former adsorbent. 


INTRODUCTION 


This paper presents the results of laboratory studies dealing with the 
occurrence of radioactive limonite, hydrozincite, chrysocolla and ferruginous 
chert in the Goodsprings District, Clark Co., Nevada. The cause of the 
intimate association of uranium with these materials is of great interest, 
especially since radioactive limonite is observed in many regions other than 
Goodsprings. 


GENERAL GEOLOGIC BACKGROUND 


The Goodsprings District, located about 30 miles southwest of Las Vegas, 
Nevada, has the typical desert climate of the southern Basin and Range 
province. The relief is over 5,000 feet, the lowest points being about 2,500 
feet above sea level. 

For the original detailed description the reader is referred to the work of 
D. F. Hewett (10).2 About 13,000 feet of Paleozoic and lower Mesozoic 
sedimentary rocks are exposed. The lower half of the section (through the 
Pennsylvanian) is almost entirely carbonate rock, whereas much of the upper 
half is redbeds and aeolian sandstones. These rocks have been greatly de- 
formed by post-Jurassic folding, thrust faulting from the west and late normal 
faulting. The earliest igneous rocks are small granite prophyry intrusions 
along thrust zones. Tertiary volcanic rocks include rhyolitic to andesitic 
tuffs, flows and plugs and minor dikes and flows of basalt. 

1 This paper presents a portion of the work performed under an Atomic Energy Com- 


mission contract with Columbia University. 
2 Numbers in parentheses refer to References at end of paper. 
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The mines of the district have produced considerable lead and zinc during 
the past half century, though present production is almost nil. In addition 
to lead and zinc, small amounts of copper, gold, silver, platinum metals, cobalt, 
vanadium and uranium have been shipped. Most of the mines are in 
dolomitized Carboniferous limestones. Generally galena is the only primary 
sulfide remaining. Carbonates form the bulk of the gangue and iron is not 
abundant. No primary uranium minerals were defined, though traces of an 
unidentifiable, presumably hydrothermal, radioactive mineral were found inti- 
mately associated with, and apparently localized by, black shale fragments in 
primary zinc ore from the Potosi mine. 

Anomolous radioactivity was noted in 46 of the 85 mines and prospects 
examined, but none of the known occurrences shows promise of economic 
quantities of uranium. Secondary uranium minerals could be recognized in 
only 3 of the 46 radioactive localities; instead, the various oxidation prod- 
ucts of the base metal ores—limonite, hydrozincite, ferruginous chert and 
chrysocolla—were found to be radioactive. The following are the highest 
chemical uranium analyses obtained from Goodsprings: (analyses by W. L. 
Anderson, U. S. Bureau of Mines) 


limonite 0.106% U,O, 
hydrozincite 0.239% 
chrysocolla 0.116% 


Possibly there is material having higher uranium content than the above, but 
to judge from field radioactivity measurements, these are the best specimens. 


Barton and Behre (1) have shown that the source of most, if not all, of the 
uranium was probably a hydrothermal mineral (presumably pitchblende) 
which was more closely associated with the primary copper and/or iron 
sulfides than with the primary minerals of lead, zinc, cobalt, vanadium, 
molybdenum, gold or silver. 


POSSIBLE METHODS OF FIXATION OF AN ELEMENT IN THE OXIDIZED ORE 


There are four outstanding mechanisms by which an element may be fixed 
in the oxidized zone: (1) the substance may be insoluble and is retained as 
a residuum, an example is some native gold; (2) the element may form an 
ion that may be substituted for a different ion in some mineral that is stable 
in the oxidized zone, an example would be radium substituting for lead in 
pyromorphite (8, p. 257); (3) the metal may form an insoluble compound 
with some other substance, for example, the combination of uranium with 
vanadium and potassium to form carnotite; (4) soluble ions may be adsorbed 
by suitable materials. 

In explaining the fixation of uranium, (1) is eliminated because in the 
presence of carbonate, hexavalent uranium is very soluble (19). With respect 
to (2), the U** ion has an ionic radius of 0.80 A (9); but because of the 
combination of high charge and comparatively small radius, U** readily 
combines with other atoms to form large complex ions that cannot be taken 
into the lattices of any of the minerals commonly associated with the oxidized 
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zone. The choice between (3) and (4) can be made on the basis of simple 
adsorption experiments. One argument against (3) is that there are no 
known iron-uranium minerals that might form by reaction between a uranium 
solution and limonite. 


OXIDATION OF A SULFIDE ORE BODY 


The details of the processes of oxidation and the formation of secondary 
minerals are too complicated and too little understood for complete discussion 
here. It is appropriate, however, to consider briefly the weathering in an 
arid climate of an ore body containing sphalerite, galena, chalcopyrite, pyrite, 
and pitchblende with a carbonate gangue and country rock. 

The sulfide ores oxidize to sulfates which, with the exception of lead 
sulfate, are soluble in acid solutions. The surrounding carbonate rock im- 
mediately reacts with these solutions to neutralize any acid formed, and this 
leads to the precipitation of the various copper and zinc carbonates. Zinc 
and lead may be transported in the oxidizing zone, the former generally travel- 
ing further from the source than the latter. Ferric iron is not soluble except 
in solutions far more acid than those expected in this environment, and it is 
precipitated almost in place as a hydrous ferric oxide. Ferrous hydroxide 
could be precipitated from slightly alkaline solutions, but this would rapidly 
oxidize to the ferric state (21). The end product in either case is “limonite.” 
Hematite is common with oxidized copper ores whereas lead-zinc deposits 
contain a limonite that is principally goethite. No lepidocrocite was identi- 
fied. This is in agreement with Blanchard (3) who points out that hematite 
is rare in lead-zinc gossans, and with Kelly (11) who shows that lepidocrocite 
is seldom if ever present. Jarosite is common at Goodsprings but has not 
been identified in the radioactive material. 

Phair and Levine (16) have shown that for pitchblende to be taken into 
solution the uranium must be oxidized to the hexavalent state. 

In the small amounts required for the ores at Goodsprings, the silica 
necessary to form hemimorphite, chrysocolla, and ferruginous chert is avail- 
able from the gangue or wallrock. 


URANIUM IONS PRESENT 


It has been stated by various writers (Lovering (12), Tolmachev (20), 
Frederickson (7) ) that in an acid, oxidizing environment uranium is present 
in solution as the uranyl, UO,**, ion. Rodden and Warf (19, p. 9-13) 
mention the possibility of forming complex carbonate, sulfate, phosphate, 
chloride, fluoride, and sulfite ions ; but of these, all except the carbonate com- 
plex seem of little significance in the consideration of the Goodsprings 
material. L. J. Miller (14) has recently investigated the stability of various 
uranium ions and he finds that as the pH of a solution of UO,** ions is in- 
creased, the reaction UO,** + OH- = UO,(OH)* proceeds to the right. 
Below 3.5 the UO,* is the predominant ion, and above 3.5 the UO,(OH)* 
ion is more abundant. In the absence of significant amounts of carbonate, 
the uranium is precipitated as an alkali diuranate or as uranyl hydroxide 
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beginning at a pH of about 4.5. Even in the pH range from 6 to 8, Miller 
finds that uranium is soluble to the extent of 2 to 4 x 10°° mole per liter. 
This concentration is sufficient to provide the amounts of uranium found in 
radioactive limonites. A simple calculation shows that if 1 gram of a suitable 
adsorbent removed all of the uranium contained in only 2 liters of a solution 
whose concentration was 2 xX 10°° mole per liter, the U,O, content of the 
adsorbent would be 1 percent. In the presence of sufficient carbonate ion, 
the soluble uranyl tricarbonate complex, UO,(CO,),-*, is formed and is 
stable through a wide pH range; if less carbonate is present, the dicarbonate 
complex, UO,(CO,),(H,O),~*, may form (4). 

If it is reasonable to assume that previous weathering occurred under 
similar conditions to those now prevalent, the conclusion is reached that 
oxidation took place at a considerable depth beneath the surface, yet definitely 
above the water table. The present water table must be at great depth as 
water was observed in only 3 of the 85 mines and prospects examined. Be- 
cause the oxidation is probably carried on by oxygenated descending water, 
and because this water must pass through several tens or hundreds of feet of 
limestone or dolomite, the solutions that enter the ore body are undoubtedly 
saturated with carbonate and may have a pH well above 7. With the con- 
tinued supply of carbonate by the water that carries the oxygen and because of 
the possibility of reaction with carbonate gangue, it is very difficult to believe 
that the solutions present during the oxidation of these relatively small ore 
bodies could be strongly acid. Granting this, the sulfate complex ion, the 
uranyl ion, and the uranyl hydroxide ion may be considered unimportant here. 
Thus, only the uranyl carbonate ion is believed to be important in the oxidizing 
ore bodies at Goodsprings. In occurrences elsewhere, with massive sulfides 
or inert country rock, the pH might be lower and in such cases the other 
ions are probably significant. 

Additional evidence in favor of a relatively high pH during oxidation is 
the common occurrence of stainierite (5). This mineral is a hydrous co- 
baltic oxide and was referred to by Hewett (10) as heterogenite. Mason 
(13, p. 144-146) notes that alkaline conditions are necessary for the oxida- 
tion of cobalt to the trivalent state. Therefore, although cobalt is not closely 
associated with uranium at Goodsprings, the presence of stainierite in many 
of the mines does suggest alkaline conditions. 


ADSORPTION AS A MECHANISM OF FIXATION 


The problem of radioactive limonite has been investigated from the theo- 
retical and descriptive viewpoints by T. G. Lovering (12). He examined 
many uranium- (and thorium) bearing samples from localities in the western 
United States and concluded, as did Behre and Barton (2), that the uranium 
is fixed by adsorption. The adsorption theory is supported by the fact that 
all of the materials found to be radioactive are precipitated in a colloidal or 
extremely fine grained state. Rankama and Sahama (18, p. 636) mention 
that soluble uranium compounds are strongly adsorbed on the hydroxide gels 
of iron, manganese, and aluminum, and on silica gel. 
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It is known that radium is strongly adsorbed by suitable materials (18, 
p. 784). Adsorption of radium without uranium would produce a limonite 
that would give a high radiometric “uranium” content but low chemical 
uranium. Such radioactivity would be limited by the comparatively short 
half-life of the radium. The Goodsprings material gives radiometric and 
chemical values that agree fairly closely (within 30 percent) ; this suggests 
either that the uranium is approximately in equilibrium with its decay 
products, or that very fortuitously the amounts of uranium and daughter 
preducts are fixed in nearly equivalent amounts with respect to radioactivity. 

Tolmachey (20) found that UO,** is reversibly adsorbed by activated 
charcoal from uranyl nitrate solution according to the Freundlich equation. 
He noted that schists from central Asia and from Leningrad adsorb uranium 
irreversibly and concluded that the bonding is at least partly chemical. 

Rodden and Warf (19, p. 30) state that hexavalent uranium is removed 
from solution down to “1 or 2 parts per 100 million” by coprecipitation of 
ammonium diuranate and hydrous ferric oxide upon the addition of am- 
monium hydroxide. ‘The presence of substantial amounts of carbon dioxide, 
up to 0.01 percent by weight, did not alter the results measurably.” This last 
statement emphasizes the fact that although ammonium diuranate is not 
quantitatively precipitated in the presence of carbonate because of the forma- 
tion of the carbonate complex (19, p. 16), the colloidal iron oxide adsorbs 
practically all of the uranium remaining in solution. 

Lovering (12) cites an experiment by J. E. T. Horne which showed that 


finely divided goethite and hematite remove radioactive elements from 
solution. 


ADSORPTION EXPERIMENTS 


The experiments described here were performed in order to determine the 
extent to which the various uranium ions are adsorbed by hydrous ferric 
oxide (limonite) and basic zinc carbonate (hydrozincite). Also of interest 
is the behavior of the adsorbed uranium upon dilution of the solution and upon 
crystallization of the adsorbent. 

Chemists have developed various equations, some of which are theoretical, 
others empirical, to define the relations between the quantity of material ad- 
sorbed and the concentration of the solution with which it is in equilibrium. 
(15, p. 497-504, 17, p. 226-233). The Freundlich equation is one of these. 
It is a simple empirical relation that has been found to approximate closely 
the data given by adsorption of substances from solution provided that the 
range of data is not extremely large. It assumes the formation of a single 
layer of particles; but as adsorption from solution does not appear to result 
in multiple layers, this is a valid assumption. The relation is: 


Y = kP™*, 


Here Y is the quantity adsorbed ; P is the concentration of the solution ; and 
n and k are constants of the system. The Freundlich equation may also be 


written : 
log Y = log k + 1/n log P. 
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This means that if log Y is plotted against log P, a straight line with a slope 
of 1/n results. An example is Curve A in Figure 1. It predicts that the 
higher the concentration of the solution, the more material will be adsorbed ; 
but the lower the concentration, the greater the proportion of the material 
will be adsorbed. 

On the other hand, if an insoluble precipitate forms, the amount in 
solution remains constant (at a value equal to the solubility of the precipitate) 
whereas the quantity “adsorbed” (actually precipitated) may have any posi- 
tive value. Curve B in Figure 1 is an example of this. Therefore, the dis- 
tinction between adsorpiton and precipitation can be made on the basis of 
simple adsorption experiments. 

The experimental procedure followed was to prepare a series of identical 
samples of synthetic limonite or hydrozincite and to add to each identical 
volumes of solutions containing differing amounts of one of the uranium- 
bearing ions. After a period of 5 to 10 days to permit the establishment of 
equilibrium a sample of solution was withdrawn and analyzed for uranium. 
Then, knowing the total initial amount of uranium and the volume of the 
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solution, the amount adsorbed could be determined by difference. All of the 
experiments were run at room temperature, which did not differ more than 
2 or 3 degrees from 25° C. 

The analytical procedure consisted of the reduction of the uranium to a 
mixture of U** and U** by amalgamated zinc in a Jones reductor. Aeration 
quantitatively converted the U** to U** which was then titrated with potassium 
permanganate to determine uranium (19, p. 54-57, 65-68). In the curves 
presented here the uranium content is recorded in milliequivalents. In this 
connection 2 milliequivalents are equal to 1 millimole, a relation that reflects 
the analytical method in which 2 electrons per atom of uranium are exchanged. 

In order to determine the time necessary for equilibrium to be established, 
samples of synthetic limonite and hydrozincite were placed in a large volume 
of uranyl carbonate solution. Small samples of solution were withdrawn 
and analyzed at various intervals. The concentration of uranium reached a 
constant value after 5 hours with limonite and after 20 hours with hydrozin- 
cite. 

The synthetic limonite was prepared by neutralizing a solution of ferric 
sulfate with ammonium hydroxide to a pH of 7. The precipitate was washed 
with water until a negative sulfate test with barium chloride was obtained. 
By ignition the material was found to contain 10.25% Fe,O,, the remainder 
being water. On aging this material gave an alpha hematite x-ray pattern. 

The synthetic hydrozincite was prepared by neutralizing a zinc sulfate 
solution with sodium carbonate to a pH of 8. The precipitate was washed 
with water. Material dried for 10 days at 95° C gave an x-ray pattern 
similar to natural hydrozincite and contained 73.79% ZnO compared to 
74.12% ZnO in Zn,(OH),(CO,),. The natural material fluoresced an 
intense blue-white, but the synthetic apparently did not have the proper 
impurities to permit fluorescense. The adsorbent used was 11.5 percent 
hydrozincite, the remainder being water. 

Figure 2 shows the curve given by UO,(OH)* and UO,** with hydrous 
ferric oxide. Since this agrees well with that predicted by the Freundlich 
equation it is concluded that the uranium is adsorbed. In this experiment the 
most concentrated solution had the lowest pH, 2.5, before it was added to the 
adsorbing medium. At the time of the analysis the pH of this sample had 
risen to 3.54, and the pH of the others had increased regularly to 4.90 for 
the most dilute. As a result, the predominant ion was UO,(OH)*; however, 
the concentration was in all cases sufficiently low at the pH involved that no 
precipitate formed. One of the reasons for the variation in pH may have 
been the adsorption of SO,-* ions. The effects of aging and dilution will be 
discussed later. 

Figure 3 shows the curves given by UO,(OH)* and UO,(CO,),~* with 
hydrous ferric oxide. The sharp break in the UO,(OH)* curve shows that 
adsorption was not the only reaction. Actually, a yellow precipitate formed 
in the stock solution overnight, and it is assumed that a similar precipitation, 
in addition to adsorption, took place in the flasks containing the two more 
concentrated samples. The UO,(CO,),~* curve is a straight line for most 
of its length; this is good evidence of adsorption. 
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Figure 4 shows the adsorption of UO,(CO,),-* by synthetic hydrozincite. 
The curve is not quite a straight line, but it is clearly the result of adsorption 
and not precipitation. 

Effects of Dilution and Aging.—In order to test the reversibility of the 
adsorption, half of the solution was removed and replaced by distilled water. 
As shown in Figures 2, 3 and 4, this gives a new (calculated) point at which 
the quantity of uranium adsorbed remains constant while the solution is 
reduced to half its initial concentration. If the adsorption is reversible, 
given sufficient time the points marking the ratio between the uranium ad- 
sorbed and in solution should return toward the initial curve. But since some 
of the uranium has been lost (due to removal of half of the solution) the 
final point, if totally reversible, should fall on the initial curve but lower 
than (to the left of) the initial point. In these experiments 15 or 21 days 
elapsed between dilution and final analysis. From an examination of the 
UO,(CO,),-* curves in Figures 3 and 4, a logical conclusion would be that 
the adsorption is reversible. However, in the case of Figure 2 the final 
points overshoot the initial curve. This should not happen if reversible 
adsorption were the only reaction. Thus far the crystallization of the ad- 
sorbent has not been discussed, but apparently it is an important consideration. 
The crystallization of a colloid reduces the surface area and, therefore, de- 
creases the capacity to adsorb, the net result being to return material to 
solution. 

In line with this reasoning is the observation that the amount of crystalliza- 
tion seems to be a function of hydrogen ion concentration as well of the 
concentration of uranium. In Figure 2 the pH for the sample giving the 
maximum overshoot is 3.48, and in the others it increases regularly to 4.24 
for the minimum overshoot. Although the hydrous ferric oxide is pre- 
cipitated below pH 3, the minute quantities remaining in solution play an 
important role in its crystallization. As proof of this, a synthetic limonite 
aged “dry” crystallizes much more slowly than one aged under water. At 
a pH of 3.48 the Fe** ion concentration is about 190 times that at a pH of 
4.24; and, therefore, the lower the pH the more rapid the crystallization. 
This seems to explain adequately the apparently real difference in rates of 
crystallization. It may also be true that the rate of desorption is lower when 
the amount of adsorbed uranium is smaller. It is concluded that both re- 
versible adsorption and crystallization are significant in explaining the ob- 
served phenomena. Figure 5 shows that the adsorptive capacity of hydrous 
ferric oxide definitely decreases with aging, presumably because of crystalliza- 
tion. 

The lack of change with time after dilution of the two most concentrated 
samples of UO,(OH)* shown in Figure 3 is another strong argument that 
this represents a precipitation, whereas all of the other curves reflect ad- 
sorption. 

Lovering (12) reports that microscopic study of radioactive limonite in 
thin sections shows that those which contain 0.05 percent or more uranium 
generally exhibit distinct uranium minerals. He attributes this to the ex- 
pulsion of adsorbed uranium during the crystallization of the iron oxide. 
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The experimental work fully supports his conclusion. In the absence of 
abundant solutions to carry away the uranium, the various secondary uranium 
minerals must form by reaction of the expelled uranium with any carbonate, 
phosphate, vanadate, arsenate, silicate, sulfate or the like that is available. 

Table 1 gives a comparison of the adsorptive capacities of various natural 
materials. The relative values are significant because the solutions in equi- 
librium with the different samples were of similar, though not identical, con- 
centrations. All of the samples listed are from totally oxidized ore bodies, 
and it is believed that they represent materials that have aged for hundreds of 
years. 

It is seen that chrysocolla has the highest adsorption capacity whereas 
hematite has the lowest. The reason for this is believed to be related to the 


TABLE 1 
ApsorPTION OF THE Uranyt Carponate Ion spy NaturAL MATERIALS 
Milliequivalents 
of U 
10.0 grams 
Chrysocolla (Boss mine) 0.54 
Chrysocolla (Copper Flower mine) 0.64 
Limonite (Jeep mine, Clark Mtn., Calif.) Yellow, very friable; 0.25 
x-ray pattern shows only goethite 
Limonite (Boss mine) Dark reddish brown; x-ray shows hema- 0.09 
tite, goethite and quartz 
Limonite (Tam o’Shanter mine) Dark reddish brown; x-ray — 0.08 
shows hematite and trace of goethite 
Hydrozincite (Yellow Pine mine) 0.17 
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crystal structure. Chrysocolla has a layer lattice similar to montmorillonite 
(6, p. 93-94) and thus there is a large interlayer surface available for adsorp- 
tion. Hematite probably does not present a large surface area; apparently 
hydrozincite and goethite are intermediate. The apparent increase in uranium 
concentration with the sample of limonite from the Tam o’Shanter mine is 
probably due to finely divided hematite that remained suspended in the solu- 
tion when a portion was removed for analysis. 

Table 2 shows that very large amounts of uranium may be adsorbed under 
laboratory conditions. These data do not necessarily show the relative ad- 
sorptive capacities of the synthetic materials because variations in preparation 
of the adsorbent probably can give varying properties. Natural materials 
are much lower in uranium because: (1) the solutions are not nearly so con- 
centrated ; (2) natural materials are probably precipitated more slowly and are 
therefore better crystallized and less adsorptive; (3) crystallization tends to 
return the uranium to solution if water is present. 


TABLE 2 


Uranium Content or Syntuetic Iron Oxipes AnD Hyprozincite 
(ASSUMING ALL UNCOMBINED WaTER ReMovep AnD Uranium Present as U,0,) 


Calculated % UsOs 


Hematite (Figure 2) 22.4% 
Hematite (Figure 3) 30.8% 
Hydrozincite (Figure 4) 17.2% 
Goethite (prepared by boiling ferric sulfate solution) 11.2% 


Discussion of Errors and Corrections.—The duplicate uranium analyses 
agree very well and both points generally fall within the circle plotted on the 
curve. However, where the concentration of the solution is extremely low 
the points are expected to have larger percentage errors. Possible errors out- 
side of the analytical technique are as follows: (1) the amount of adsorbent 
in each of the “identical” samples may have varied + 0.05 gram, but as the 
samples were 15 grams or more, this is a second order correction; (2) small 
amounts of uranium may have been adsorbed by the glassware, but because 
the solutions were fairly concentrated, this effect was certainly insignificant ; 
(3) the samples of adsorbent were gelatinous and contained up to 90 percent 
or more water. Certainly some of this water was merely entrapped, and as 
such it was more or less part of the solution. This consideration was of 
significance in calculating the total amount of uranium in solution on the basis 
of the concentration of a sampled volume, as it was necessary to assume a 
total volume of solution. This was done neglecting all entrapped water. 
As the total weight of adsorbent was only 15/100 that of the solution, the 
maximum error is less than 15 percent. This factor can influence the slope 
and curvature of the curves to a small extent, but it in no way invalidates 
the conclusion that the uranium is fixed by adsorption. 
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HALITE IN THE UNDERSILL GOLD MINE, ONTARIO 
FRED SEARLS, JR. 


ABSTRACT 


When the Undersill shaft etrated beneath a thick diabase sill at a 
depth of 1,800 feet, a heavy flow of saline water and methane was en- 
countered under a pressure of 1250 pounds. Halite was formed in the 
vein, and in cracks in the diabase, which is later than the vein. A Pre- 
cambrian sedimentary source is suggested for the halite. 


AN interesting account of the geology of the Northern Empire Mine was 
given by P. C. Benedict and J. A. Titcomb.* An outstanding feature of the 
geology of the Northern Empire Mine, as pointed out by them, is that the 
upper half of the mine has been lifted almost vertically for 550 feet by the 
intrusion of a sill of post-mineral Keeweenawan diabase (Fig. 1), which also 
caused leaching and alteration of the wall rocks (Keewatin lava flows), and 
impoverished the vein for a vertical distance of 50 feet to 100 feet from the 
intrusive contact, both above and below the sill. 


N 72" 


SCALE OF FEET 
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Fic. 1. Longitudinal vertical section of Northern Empire Mine showing 
diabase sill and adjacent altered zone after Benedict and Titcomb (courtesy Can. 
Inst. of Min. and Metallurgy). 


1 Geology of Northern Empire Mine. Trans., Can. Inst. Min. and Met., Vol. L, pp. 412- 
423, 1947. 
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Fic. 2. Longitudinal section of Undersill Mine showing diabase sill. 


Their paper was published while a second shaft was being sunk through 
the same sill by a subsidiary of Northern Empire, known as Undersill Gold 
Mining Company Ltd. This shaft was four miles west of the Northern 
Empire Mine. It intersected the sill from 1,700 feet to 2,300 feet below the 
surface ; whereas the Northern Empire vein was cut at 650 feet and 1,200 feet, 
respectively, by the upper and lower surfaces of the sill. 

The vein developed by Undersill and its predecessor, Sand River Gold 
Mining Co., Ltd., was generally similar to that of Northern Empire; but was 
smaller, not so straight, and considerably less productive, at least in the Sand 
River property. Its extension into the property of Leitch Gold Mines Ltd. 
has been of more value. 

In the Undersill Mine (Fig. 2), the vein cut graywacke and slaty rocks, 
some of which may have been tuffaceous. They are similar to, and un- 
doubtedly part of the same series cut by northerly or footwall crosscuts from 
the Northern Empire Mine, and considered as Temiskaming by Langford ? 
and by Benedict and Titcomb. 


2 Geology of the Beardmore-Nezah Gold Area, Thunder Bay Dist. Thirty-seventh Annual 
Report, Ontario Dept. of Mines, 1929. 
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Benedict noted (p. 415) that in the Northern Empire Mine on the 2,075 
level, 800 feet below the sill, methane gas was encountered in the greenstone 
and burned for several months at a minute orifice in the side of a hanging wall 
crosscut. It was lighted by the miners as a safety precaution, whenever ex- 
tinguished by blasting. 

In the Undersill Mine, no methane was found, as far as known, in the 
workings above the sill, and the water was normal in the upper part of the 
mine. But as the shaft entered the sill, the small amount: of water emerging 
from cracks in the rock became salty. Deeper conditions in the shaft were 
described by Charles R. Caldwell, the Undersill Manager, who sank the shaft, 
as follows (the gas contained methane but also CO,) : 


Below 1580 feet the flow of water increased as did the salt content until at 
about 1650 feet the shaft was making about 50 gallons per minute and the pressure 
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Fic. 3a. Halite seams in diabase; 3b. Halite in greywacke alongside of vein. 


HALITE IN THE UNDERSILL GOLD MINE, ONTARIO 


Fic. 4a. Halite on quartz; 4b. Halite in vein as well as on wall. 


was so great that it was impossible to keep powder in the blast holes. Un- 
successful attempts were made to hold the powder in by plugging the blast holes 
and by loading the powder in pipes and driving the pipes into the blast holes, but 
some of the pipes were pushed out of the holes by the pressure. An attempt was 
then made to grout off the water and the first vertical hole in the shaft hit a large 
flow of water at 28 feet under a pressure of 1250 Ibs. In the grouting it was found 
that we had a nearly vertical fault striking at N 85° E and dipping at about 87° S. 
We were unable to pump more than about 400 bags of cement into the fault. This 
did not stop all the water but seemed to ease the pressure. At about 1700 feet 
depth the fault had worked out into the shaft for the full length of the shaft and as 
the fault had wide open vugs in it the water flowed unrestricted. The flow was 
quite varied, at times it made only six to seven feet of water per hour in the shaft 
and at other times it made up to 22 feet of water per hour and large quantities of 
gas. At 1800 feet we had the fault in the N.W. corner of the shaft and established 
a pump station at 1825 feet. The flow at this station is still very variable, salty, 
and still discharging quantities of gas. 

The flow of water seemed to be related to the amount of gas, when the flow 
of water was small there was little gas, when the quantity of water increases the 
amount of gas also increases. There appears to be no set cycle, the flow will be 
very light for several days and the heavy flow may only last for a few hours or 
again it may last for days. 

Below the sill small veins of salt were encountered in conjunction with all 
quartz veins found. 

In the main vein salt was found in small quantities for nearly the complete 
length of the vein and in three places where the vein was cut by small diabase 
sills a vein of salt up to three inches wide either paralleled the quartz vein or took 
the place of it. In several places where the sills cut the quartz vein a later shear 
cut through the diabase sill and this shear contained a small salt vein. 


It is probable that the operators of Leitch Gold Mines, Ltd. have additional 
information about the distribution of the salt in this and other gold-bearing 


veins of their adjoining property. Leitch acquired the Undersill property 
in 1954. 
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The mineral described as “salt” in the above discussion is nearly pure 
halite. Representative pieces analyzed as follows: 


% 

100.35 


Mr. L. J. Bechaud, Jr., analyst, points out that the anions and cations do not 


balance in the above determination and suggests that the probable composition 
of the material is about: 


The halite, as it occurs in fragments of the vein and of the sill, is shown 
in Figures 3, and 4. Unfortunately, no analyses of the mine water were 
made ; but it is assumed that in contact with the halite, the mine water was a 
saturated or supersaturated solution and that it had remained stagnant within 
the small volume of diabase and of graywackes, in which it was found, for a 
period of geologic time. 

The halite is post-diabase (Fig. 3), and the diabase is later than the gold- 
quartz mineralization. Yet the halite (Fig. 4) appears to prefer the vein, 
as though it had followed a route used by previous solutions. 

These occurrences of halite and of methane in the more ancient Archean 
rocks are difficult to explain. The comment most commonly heard at the 
mines was that the “gas came down under the sill in solution in swamp 
water.” This seems improbable to the writer, or at least it is inadequate in 
the case of the Undersill shaft. 

While the evidence is certainly too inadequate, as here presented, to be 
accepted as proof of any origin, the writer suggests as a hypothesis that the 
sedimentary rocks in this area, even though they have been officially classified 
as Temiskaming, have carried beds or lenses of syngenetic salt, and of shales, 
sufficiently carbonaceous to have yielded small amounts of natural gas, and 
remnants of these minerals have persisted in protected blocks. Possibly 


“Temiskaming” has covered too much of the enormous expanse of early: 
Archean time. 


14 Watt Sr., 
New York City, 
Nov. 1, 1955 
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SCIENTIFIC COMMUNICATIONS 


COAL DEPOSITS NEAR KIRMAN, SOUTH PERSIA. 


In view of the optimistic claims that have been made in the past for the 
mineral resources of the country round Kirman, and their possible inclusion 
in future development plans, a short note on the coal deposits may be timely. 

The coal occurs in the Dark Green Shales of the upper Jurassic. Out- 
crops are found in those parts of the strongly folded Kuh-i-Badaman and Kuh- 
i-Darmanu ranges to the northeast and northwest of the town, in which the 
coal-bearing series are not covered by the unconformable massive limestones 
of the Cretaceous. The Jurassic series have weathered to form high, broken 
valleys running NW-SE between the peaks of the Cretaceous and Upper Lias. 

In the higher valleys of the Kuh-i-Badaman the coal series was traced for 
seven miles running NNW from Char Khanu through Deh Nau to Chasmeh 
Gaz, and coal masses were seen at Char Khanu and Badaman; there was a 
further (unconfirmed) report of coal in the Darsudi area. There is no regu- 
lar seam; the coal occurs as a number of lenticular masses along the same 
NNW strike, with a maximum thickness of 5 feet and an average of 3 feet, 
and commonly enclosing thin bands of hard shale. The dip is 55°. The coal 
is dull, black, and powdery, in places glistening on slicken-slided surfaces, and 
has undergone considerable folding and crushing. It is easily broken on han- 
dling, and can be cut with a spade. The moisture content and ash content are 
high ; it does not cake on burning (or non-clinkering). At present there are 
25 short adits, not more than 30 yards long, at Char Khanu and Badaman, 
which are said to produce 300 tons a year; when visited in the summer of 
1950 output was less than one ton a week. Communication with Kirman is 
by a fairly good motor road. 

In the Kuh-i-Darmanu range coal outcrops are reported at: Hujetk 
(Kalat-i-Dehanun) ; in the Hizumi gorge and the neighboring valleys at 
Dar Tangal and Sardofah, and at a site southwest of the Darmanu range 
30° 31’ N, 57° 3 E). The last was visited and showed no seams of any 
thickness or lateral extent; on local information the first and second are no 
better; the third is said to be more promising, but its inaccessibility (it is 
reached by donkey-track only) and distance from Kirman make it unpromising. 

In general the coal resources of the immediate environs of Kirman do not 
seem to provide an adequate basis for the development of electrical power in 
Kirman, as suggested recently. It is therefore to be hoped that the local 
people will make more extensive use than at present of the relatively cheap oil 
fuels available, before the continued removal of the scanty vegetation of plain 


1 See G. E. Pilgrim, Mem. Geol. Surv. India, vol. 48, p. 1161 (1924). 
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and mountain for fuel leads to even more severe erosion by wind and water 
than at present. 

As to other minerals: reports of massive copper deposits * were uncon- 
firmed; samples of galena from near the crest of the Kirman-Bam road, and 
an impure borax from Rayin, were brought in by peasants for identification, 
as also were small blocks of malachite. The last was of interest since it is 
believed that it was in this and similar areas in northwest Persia that the 
smelting of copper was first carried out. 

P. H. T. Beckett 


DEPARTMENT OF AGRICULTURE, 
UNIvERSITY oF OxForD, 
Dec. 2, 1955 


2 Diplomatic and Consular Reports 4087. Kirman (1907-8). 
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Geology of Southern California. Ed. by R. H. Jamns. Pp. 878; figs. 441; 95 
maps. Boxed, 13” x 9%” x 4”. California Division of Mines Bull. 170, San 
Francisco, 1954. Price, $12.00. 

Shortly after Geology of Southern California was published a geologist alluded 
to this massive endeavor as “the geological Information Please Almanac.” If by 
this is taken the complete coverage of all things currently available the metonomy 
fittingly describes this fine piece of work. Its editor, Professor Richard H. Jahns, 
has accomplished a Herculean ambition with the result that we have an almost 
definitive description of a very large area. The report consist of ten chapters (62 
individual papers) and five road guides collected in 16 easily distinguishable 84” 
x10” pamphlets and 34 separate geologic maps with brief texts. The editor wisely 
chose active field geologists to supply smaller segments so that more than one 
hundred geologists contributed papers individually or in collaboration. The prob- 
lems produced by widely divergent approaches have been minimized by the watch- 
ful editor so that the unity of the whole is not impaired. The contrary is true: 
despite the enormous amount of new information obtained since the U. S. Geologi- 
cal Survey prepared the southern California guidebook for the XVI International 
Geological Congress the new collection is consistently clear. Most of the contribu- 
tions are written in a lucid style that makes reading them a pleasure. This is 
especially true of the posthumous contribution by Professor Buwalda. 

Each chapter constitutes a separate booklet with several contributions devoted 
to the one subject. Such an arrangement seems especially desirable from a 
pedagogical standpoint because teachers who use the literature extensively in their 
classroom will be able to select conveniently to suit their own needs. But use- 
fulness is by no means restricted to the written text. Dispersed among the vari- 
ous papers are breathtaking photographs and sketches, splendidly reproduced. 
Geomorphic features, especially, are advantageously depicted and provide illustra- 
tive material that requires little oral clarification or elaboration. 

Appeal and usefulness are not aimed primarily at the teacher, however, because 
all practicing geologists will delight in the contents of these pages. Perhaps the 
most cogent evidence for this is the affiliation of the 103 contributors: 41 represent 
academic institutions, 20 work for oil companies, 16 belong to the U. S. Geological 
Survey and the same number to California agencies, four are with mining com- 
panies and industrial organizations, and six are independent geologists. The 
authors represent a most felicitous selection on the part of the editor. The seis- 
micity of California, for example, is thoroughly described by Richter and Guten- 
berg—who, incidentally, point out that, of the 80 percent of the Earth’s seismicity 
concentrated in the circum-Pacific belt, southern California contributes from 0.5 to 
1.0 percent. In “Tectonics of Faulting” Hill shows clearly the significant influ- 
ence that relative rock competence has on the strain response to causal stress. 
Blackwelder describes succinctly the phenomena and effects of geomorphic processes 
in desert regions. These isolated examples may provide a glimpse into the content 
of the various chapters. 
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Each chapter has an initial general contribution; the first, “General Features,” 
consists of 1) historical introduction, 2) climate and geography, and 3) pre-Cau- 
casion occupation. Chapter 2, “Geology of the Natural Provinces,” deals with 
the geology emphasizing the structural and stratigraphic peculiarities. A third 
chapter correlates the major features of sedimentation in the many basins with 
life history for time since the Precambrian. The section on geomorphology de- 
scribes both general and specific aspects relating to the nature and origin of the 
landscape. The bearing of structural history on physiographic features is perhaps 
nowhere better portrayed than in southern California and adjacent Basin and 
Range province. Professor Sharp contributes an elaborate but concise summary 
presenting all the ramifications of the subject, defining many features and men- 
tioning the locations where they may be seen to best advantage. The occurrence 
and behavior of surface water and of groundwater comprises a separate chapter. 
The chapter called “Mineralogy and Petrology” includes descriptions of the 
famous deposits at Pala and Mesa Grande (pegmatites), Crestmore (contact 
metamorphic), and the saline and borate deposits of Searles Lake and Death Val- 
ley. The fame California has acquired as a mineralogist’s paradise is well de- 
served because 535 well-defined mineral species occur there. Professor Jahns 
summarizes the distribution, occurrence, composition, and structure of all known 
pegmatites and their significance. He tells us that his intention is to counteract 
an erroneous impression inherent in the fact that “. . . 90 percent of all published 
contributions on California pegmatites deal with the gem-bearing dikes of San 
Diego County alone!” Economic importance of the pegmatites finds expression 
in the total value of commercial operations which is more than four million dollars. 

Readers of Economic Gro.ocy will perhaps be most interested in the mineral 
deposits and mineral industry, treated in Chapter 8. Metalliferous deposits have 
yielded impressive quantities of base and precious metals: iron, wolfram, and rare 
earths; they represent such geological processes as contact metamorphism, several 
types of hydrothermal mineralization, and sedimentation. The nonfuel nonmetallic 
mineral commodities include sand and gravel, clay, limestone, and salines. A few 
statistics will best illustrate the enormous commercial importance of the economic 
minerals. The value of saline minerals (including borates, bromine, CaClo, 
gypsum, iodine, Li-compounds, K-salts, NaCl, NagCO3, NagSO,) produced in 1950 
was more than $37 million (weighing somewhat less than two million tons—ca. 
17 percent of California’s total mineral production exclusive of fuels). The bo- 
rates, alone, make California world-renowned because 95 percent of the world 
consumption come from a small area straddling the boundary between Kern and 
San Bernadino Counties. Less than six years ago the world’s greatest known 
concentration of rare earth metals brought the Mountain Pass area into promi- 
nence. Here bastnaesite, a rare-earth fluocarbonate, yields the elements cerium, 
lanthanum, and neodymium. The occurrence, however, is puzzling and requires 
further study—the rare earths appear in carbonate veins associated with alkalic 
igneous rocks, both intruding Precambrian gneisses. In a small paper prelimi- 
nary to a detailed description Olson and Pray outline the geology. In other 
mineral products, too, California is a leader: more than 30 percent of total U. S. 
wolfram production comes from there although wolfram is a relative latecomer as 
a mineral commodity. Scheelite was first recognized in placers and active mining 
dates from 1904 although wolfram had been discovered elsewhere as early as 1781. 
The more than 425 wolfram deposits of California occur in four types, viz. “tactite” 
(85%), quartz vein and pegmatite (15%), and placer deposits. 

Among other metals much copper is recovered as a by-product from lead-zinc, 
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gold-silver, and wolfram deposits, and molybdenum is also a by-product in some 
wolfram operations. Manganese occurs in several small deposits as do mercury, 
antimony, and tin. Chromium is mined but nickel is noncommercial and titanifer- 
ous magnetite is undeveloped. In a one-year period (1952) the combined output 
of lead, zinc, and copper had a total value of $5.5 million. 

Southern California provides nearly 50 million tons of nonmetallic mineral 
substances (mostly limestone and aggregate) and more than 70 percent of the 
world’s supply of diatomite comes from a large deposit in the Upper Miocene 
marine sedimentary rocks. 

The petroleum industry stands second only to agriculture in economic im- 
portance within California. Although it furnishes about one-sixth of the total 
domestic output the commercial oilfields of today are concentrated in six isolated 
and relatively small districts with a combined area equal to only five percent of 
the entire state. A table included in Parker’s contribution lists all the fields classi- 
fied as to type of trap. Another table, by Carter, gives pertinent data on the 
principal fields (years discovered, type of accumulation, type of reservoir rock, 
A. P. L. gravity range, average or range of completion depths, age of producing 
formation, and diverse production data). 

The chapter on engineering aspects of geology considers the effects of highly 
varied topography, climate, complex geologic structures, and nonhuman activities 
bear on disastrous phenomena such as earthquakes, floods, and landslides. The 
problem of floods is described thoroughly by McGill. He suggests a check list 
with six major categories for the geologic survey of a residential building site in 
Los Angeles that will be helpful to engineering geologists in many other places. 

A highly useful appendage of the volume consists of five geologic guides that 
are easily distinguishable from the textual material. Although their purpose is 
similar, each roadlog approaches its unique problems in a different way. The 
roadlog for the western Mojave and Death Valley region encompasses a 580-mile 
circuit and is written as a detailed article. Many excellent photographs enable 
the reader to enjoy the trip vicariously. A side excursion takes us to Dante’s 
View from which we can see the lowest (— 282 ft., on the floor of Death Valley) 
and highest (Mt. Whitney) altitudes in the U. S. The more than 200-mile long 
trip through the Ventura Basin takes us through one of the thickest continuous 
stratigraphic sections in the world, consisting of more than 20,000 feet of Plio- 
cene and Pleistocene strata. Two trips through the Los Angeles Basin have a 
combined mileage of 300 miles and the one in the northern part of the Peninsular 
Range province has 320 miles with 87 miles of side trips. One of these side 
trips is to the top of Mt. Palomar (and the roadlog even tells us when the 
museum and gallery are open to visitors! ). 

Geologists everywhere will appreciate a compilation of this sort not only for its 
intrinsic value but also as a stimulus to produce other comprehensive treatments 
of regional geology. Regional guidebooks, such as those for some of the western 
States have appeared with increasing frequency in the last decade and such colla- 
tions of knowledge are useful to a great many people. But this collection on 
southern California surpasses the well-known guidebooks in both approach and 
scope. Especially commendable are the many fine photographs, most of them air 
views. They explicity augment the written text and many of them should find 
their way into textbooks on physical geology. 

Work in southern California has not ceased as a result of the appearance of 
Bulletin 170. On the contrary, this book is a stimulus. At least we can now 
read, in one volume, about California with some certainty that here is the “latest 
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word” in print and refinement will not come along for some time. We hope other 
States will imitate the Californians but in the meantime geologists throughout the 
country will tip their miner’s helmets and pith helmets, their visored caps and 
mortarboards to Professor Jahns and his colleagues for their excellent work. 
Kurt Servos 
DEPARTMENT OF GEOLOGY, 
YALe UNIVERSITY, 
New Haven, ConneCTICUT, 
December 28, 1955 


The Uranium Deposit of Shinkolobwe. By J. J. Derrixs and J. F. Vass. 
Pp. 70; figs. 82. International Conference on the Utilization of Atomic Energy 
= ‘eae Purposes, Pub. A/Conf. 8/P/1105, United Nations, New York, 

955. 

Few ore deposits have aroused as much interest or left unsolved as many 
geologic problems as the Shinkolobwe uranium deposit. Since its discovery in 
1915 little literature has appeared until the last decade, when the Union Miniére 
began devoting the major part of its energies to geologic research on the area. 
The present publication, which could not possibly discuss all the observations ac- 
cumulated since the first geologic studies were undertaken in 1921, is the first to 
present a review of the actual state of knowledge about the geology and genesis 
of the ore deposit. 

Lying 20 km to the west of Jadotville and 20 km to the south of Kambove, the 
Shinklobwe deposit is situated in the heart of the Katanga synclinorium. Like 
most of the deposits of the province, the outcrop is at an elevation of 1,400 m and 
is part of a group of generally cupriferous, though insignificant, deposits. The 
Shinkolobwe group was surveyed as of the beginning of the century by Tanganyika 
Concessions, Ltd., though some of its small copper deposits had been previously 
exploited by the natives. In 1915, uranium was discovered by Major Sharp on 
the very site now exploited, but geologic study did not begin before 1921, at the 
same time that the extraction of radium was initiated. In 1936, extraction was 
suspended. The first 15-year period of extraction, both pit and shaft, yielded 
about 100,000 tons of radioactive ore from some 500,000 cubic meters excavated. 
The major portion of production was stocked and only the exceedingly rich ores 
were sent to the Oolen radium refinery. Upon cessation of operations in 1936 
the pit had reached a depth of 57 m, while the shaft went to 97 m. Surveying of 
level 114 had been started and a drift was opened at 150 m. Exploitation was 
resumed in the pit in 1944 and in the shaft in 1945, and has not ceased since. 

The stratigraphy of the area consists of (1) the Katanga group, containing four 
systems in descending order: the Kundelungu (800 to 2,500 m), the Grand Con- 
glomerate and Mwashya (500 to 1,000 m), the Schisto-dolomitic, and the Roan 
group of the Mine Series, although the position of the Mine Series remains con- 
jectural; and (2) the Kibara group. The stratigraphy of the Shinkolobwe 
region can be fairly well defined as a result of intensive research which was 
rendered difficult by the absence of outcrops in the Kundelungu system and the 
lateral variations of the Mine Series. The Kundelungu system occupies a shallow 
basin and consists of subaerial deposits roughly 3,000 m thick; the Mine Series 
consists chiefly of dolomite, shale, and dolomitic shale about 300 m thick. Shin- 
kolobwe is now definitely established as a vein deposit of magmatic origin in a 
slice of the Mine Series wedged in a folded fault block. The local structure proves 
the Kundelungu system to be Precambrian. 

The uranium minerals are found in masses, veins and veinlets in fissures, 
fractures and stratigraphic joints in the lower beds of the Mine Series; they are 
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also found disseminated in these beds. In depth, the deposits are composed partly 
of massive uraninite and partly of uraninite associated with sulfides of cobalt and 
nickel. (The chief metals found, outside of uranium, are cobalt and nickel.) In 
the veinlets of uraninite there are few associated minerals, but near the surface 
uraninite was altered and replaced by numerous oxidized minerals such as meta- 
torbernite and torbernite. The other minerals, precipitated from circulating solu- 
tions, are kasolite, renardite, saléite, sklodowskite, and uranophane. It is inter- 
esting to note that the saléite (urano-phosphate of Mg) was associated with 
sklodowskite as well as with uranophane, although autunite (uranophosphate of 
Ca) has never been observed. Cobalt and nickel are closely allied, nickel show- 
ing a specific affinity for uranium. There is no evidence of an association of 
uranium and copper. 

The sequence of minerals would seem to be the following: Ist phase, formation 
of magnesite veinlets and magnesitization of the dolomites of the Mine Series; 
2nd phase, emplacement of uraninite; 3rd phase, introduction of selenium (in an 
unknown form), molybdenite, monazite, and chloritization of certain rocks of the 
Mine Series; 4th phase, emplacement of the cobalt and nickel sulfides, compression 
of the deposit and crushing of the sulfides, and deposition of dolomite; 5th phase, 
introduction of copper as chalcopyrite. Hypogene alterations gave rise to siegenite, 
digenite, covellite, umangite, an undetermined blue selenide, native gold, and 
melonite. Among the minerals of supergene origin are all the uranium minerals 
other than uraninite and quartz. 

These conclusions, arrived at after long and intensive research, are qualified 
by the authors as representing their current opinions, and reflecting the present 
stage of research, rather than any definitive viewpoint. Messrs. Derriks and Vaes 
have had to sort through masses of data accumulated through the painstaking work 
of many geologists, and although they have been scrupulously objective in their 
selection of data, their deductions run the risk of upsetting many existing theories. 

This publication supplies a further link in the knowledge of uranium deposits. 
Even if its circulation remains limited, its contents will arouse much interest. 

B. A. BRoMBERT 


Atlas of Paleogeographic Maps of North America. By Cuartes SCHUCHERT, 
with introduction by Cart O. Dunpar. Pp. 177; maps 84. John Wiley & 
Sons, New York, 1955. Price, $4.75. 

For several years before his death in 1942, Professor Charles Schuchert had 
been working on a projected review of the stratigraphy of North America to con- 
sist of four volumes and an atlas of maps. The first volume, Historical Geology 
of the Antillean-Caribbean Region was published in 1935, and the second volume, 
Stratigraphy of the Eastern and Central United States was published in 1943 
after his death. The third volume was partly written and the fourth was just in 
the planning stage. His atlas of maps had been worked on continuously but at 
the time of his death was unfinished. His secretary, Clara M. Le Vene, John 
Sanders and Mrs. Mildred P. Cloud prepared a group of the most finished maps 
for this publication, which consists of a brief introduction and 84 maps with facing 
pages carrying legends giving formation names and states or provinces. The maps 
are 7 X 934 inches in size and are in a loose leaf binder with a flexible cover. 

Despite the newer information now available for some areas, the maps contain 
a vast amount of paleogeographic information and should prove invaluable to all 
stratigraphers and petroleum geologists. Professor C. O. Dunbar is to be con- 
gratulated for having seen to it that the work of the great paleogeographer should 
live, receive publication, and bear fruit. 

A. M. B. 
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Structural Geology for Petroleum Geologists. By Wit1t1aMm L. Russet. Pp. 

427; figs. 159; tbls. 5. McGraw-Hill Book Co., New York, 1955. Price, $7.50. 

The author states in the preface that “The purpose of this book is to present 
the structural data and information which petroleum geologists and students of 
petroleum geology need in order to practice their profession.” To permit the in- 
clusion of pertinent data, the author states that he has eliminated all topics of 
structural geology that have no actual relation to oil work, i.e., igneous and meta- 
morphic features. The author prepared this book as a companion to his earlier 
work, Principles of Petrolewm Geology, for which this later volume provides the 
necessary background. There is, however, considerable repetition. 

The book has been arranged in 17 chapters and the following chapter headings 
give a good insight into its contents: Introduction; Maps and Cross Sections; 
Physical Principles and Model Studies; Folds; Faults; Joints and Fractures; 
Unconformities; Salt Domes; Buried Hills and Compaction; Sedimentary Struc- 
tures; Structural Significance of Lithology; Regional Structures; Superficial 
Structures; Structure of Continental Shelves; Dating Structural Events; Classi- 
fication of Traps for Oil and Gas Accumulation; and Structural Factors in Petro- 
leam Prospecting. Of particular interest are the chapters on Structural Sig- 
nificance of Lithology and Regional Structures that relate to oil and gas accumu- 
lation. 

The author has kept his objective clearly before him in each of the chapters 
in pointing the structures directly to oil and gas localization and occurrence, and 
in eliminating many interesting features of structural geology that do not have 
such an objective. This has permitted him to save space for the pertinent data. 
He has drawn on his considerable practical experience in the practicing profession 
of petroleum geology and in his teaching at Texas Agricultural and Mechanical 
College. 

This book is one that will appeal strongly to all petroleum geologists and to 
students of petroleum geology. It should be in the library of all petroleum geolo- 
gists and universities. 


World Commerce and Governments. By W. S. WoytTinsky and E. S. Woy- 
TINSKY. Pp. 906; figs. 166; tbls. 291. Twentieth Century Fund, New York, 
1955. Price, $10.00. 

The authors state that the purpose of this huge volume is “to study world trends 
during the fateful era in which the mechanized economiy originated on the two 
coasts of the North Atlantic is becoming the universal civilization of mankind.” 

This study analyzes the patterns of trade, the systems of transportation that feed 
them, and the governments under which they exist, as they now operate throughout 
the world. There are three parts—Trade, Transportation, and Governments. 
Part I, largely factual, gives the nature, value, volume and direction of exports and 
imports; and tariffs, agreements, payments and investments. Part II considers 
the progress of transportation, and land, water and air transport. Part III analyzes 
various world governments, colonial areas, and the various existing international 
agencies. 

This vast work has been prepared solely by two world travelled scholars and 
economic analysts of high repute. The research has been financed jointly by the 
Rockefeller Foundation through a grant administered by the Johns Hopkins Uni- 
versity, and the Twentieth Century Fund. They and the authors are to be con- 
gratulated for such a comprehensive work. 
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The Deeply Rooted. J. Y. Keur and D. L. Kuer. Pp. 208; pls. 4; tbls. 3. 
Monograph 25, American Ethnological Society, J. J. Augustin, Inc., Locust Valley, 
N. Y., 1955. Price, $3.00. The interrelation between natural environment and 
cultural development is described for a small and isolated Dutch community. 


The Australian Mineral Industry, 1954 Review. Pp. 226. Bureau of Mineral 
Resources, Geology and Geophysics, Melbourne, 1955. Price, 12/-. 
Publicaciones del Departamento de Cristalographia y Mineralogia, Vol. II, 


Num. 1. Pp. 73. Consejo Superior de Investigaciones Cientificas, Barcelona, 
1955. 


L’industrie miniére et métallurgique au Congo belge. A. Marrnoz. Pp. 67. 
Acad. royale des Sciences coloniales, Bruxelles, 1955. Price, F. 85. Production, 
tenor, destination, and uses are included in systematic descriptions. 


The Bauxite Resources of British Guiana and Their Development. E. R. 
Pottarp and C. N. Barron. Pp. 123; figs. 9. British Guiana Geol. Survey 
Bull. 26, Georgetown, 1955. Price, $3.00. New data are added in this revised 
bulletin. 


Geology of a Portion of the Elsinore Fault Zone, California. J. F. Mann, Jr. 
Pp. 22; pls. 2; figs. 5. California Division of Mines Special Rept. 43, San Fran- 
cisco, 1955. Price, 75 cts. Soil and water are the most important mineral re- 
sources. Sand and gravel, clay, diatomite, and dimension stone have been commer- 
cial at times. 


Quarterly of the Colorado School of Mines, Vol. 50, No. 3. Pp. 122; figs. 17; 
tbls. 2. Colorado School of Mines, Golden, 1955. Price, $1.50. The principles 
of engineering practice are concisely summarized for the trained student and prac- 
titioner. This useful booklet also has excellent bibliographies. 


Mineral- und Erzlagerstéttenkunde. H. Hiitrentocuer. Pp. 156; figs. 48. 
Walter de Gruyter & Co., Berlin, 1954. This small pocket-size booklet has a con- 
cise summary of world mineral deposits. 


Mineral Resources of Madras. M.S. KrisHnan. Pp. 299; pls. 12. Mem. Geol. 
Survey of India, Vol. 80, Calcutta, 1951. Price, Rs. 20. This major monograph 
covers the economic mineral deposits (of a large area) in a systematic and com- 
plete description for an area of 133,893 sq. miles. 


Rapports et Bilans de l’Exercice 1954. Pp. 185; pls. 10. Comité Special du 
Katanga, Bruxelles, 1955. Detailed report on every phase of mining activity in a 
highly productive area. Copper, cobalt, and U minerals have the most economic 
importance. 

Guide to the Stars. Hercror Macpnerson. Pp. 144; pls. 6. Philosophical Li- 
brary, New York, 1955. Price, $2.75. These data on astronomy are prepared 
primarily for the layman. 


Jurassic Stratigraphy of Manitoba. D. F. Srotr. Pp. 78. Manitoba Dept. of 
Mines, Pub. 54-2, Winnipeg, 1955. Average annual production of gypsum is 
80,000 tons. 


Mitsubishi Enterprises. Pp. 127. Mitsubishi Economic Research Inst., Tokyo, 
1955. 
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Journal of the University Geological Society, Vol. 1, No.2. Pp. 31. University 
Dept. of Geology, Nagpur, 1955. Contains six papers dealing with economic min- 
eralogy and petrology. 

Sciences de la Terre. Pp. 135; pls. 5. Annales de l’Ecole Nationale de Geologie 
Appliquée et de Prospection Miniére de l’Université de Nancy, Tome II, Num. 3, 
1954. Seven papers on subjects of paleontology, petrography, and mineral deposits 
include one on a molybdenite deposit in Cameroun. 

Forty-third Annual Report. Pp. 58. State Inspector of Mines, Albuquerque, 
1955. Mineral production of New Mexico valued at more than $110 millian, ex- 
cluding oil and gas, was led by potash with a volume of 10.5 million tons, copper 
(73,700 tons), and uranium. 

The Ground-water Resources of Greene County, New York. J. M. Berpan. 
Pp. 62; pls. 3; figs. 5; tbls. 6. U.S. Geol. Survey and Water Power and Control 
Commission, Albany, N. Y., Bull. GW-34, 1954. Geologic map, 1:125,000. 

The Geology and Mineral Resources of the Big Concession, Mumbwa Dis- 
trict. R.T. Branpt. Pp. 55; pls. 4. Geol. Survey of Northern Rhodesia, Bull. 
2, Lusaka, 1955. Price, 14s. Undeveloped ore reserves of economic value are re- 
stricted to two localities but many prospects show a highly enriched shallow super- 
gene zone. Geologic map, 1:75,000. 

Crop Protection. G. J. Rose. Pp. 223; figs. 113; tbls. 13. Philosophical Library, 
New York, 1955. Price, $10.00. 

Classics of Biology. A. P1 SuNer. Pp. 337. Philosophical Library, New York, 
1955. Price, $7.50. The major part of this book consists of extracts from the 
writings of famous scientists. 

Records of the Geological Survey of Tanganyika, Vol. II. Pp. 66. Dar-es- 
Salaam, 1955. Price, Shs. 7/50. Four papers deal with regional geology and two 
with economic (graphite and limestone). 

Tin, 1954. Pp. 56. International Tin Study Group, The Hague, 1955. Price, 
$1.00. Production, consumption, and price of tin remained relatively unchanged 
during 1954. 

Bul. Virginia Polytechnic Institute. Pp. 31. Engineering Experiment Station 
Ser. No. 105, Blacksburg, Va., 1955. Additions to Virginia mineral localities. 

A Descriptive Glossary of Radioactive Minerals. J. W. Crospy, III. Pp. 148. 
Washington State Inst. of Technology, Bull. 230, Pullman, 1955. This compilation 
of all known radioactive mmerals has data culled from the literature. 


The Geology of the Irwin River and Eradu Districts and Surrounding Country. 
W. Jounson, L. E. De La Hunry and J. S. Gregson. Geol. Survey of Western 
Australia, Bull. 108, Perth, 1954. Pp. 131; pls. 5. Existing coal deposits are 
economically useless. 

Volcanism in the Southern Part of El Salvador. H. Witt1aMs and H. Meyer- 
Asicn. Pp. 64; pls. 8; figs. 7. University of California Press, Berkeley, 1955. 
Price, $1.00. 


Illinois Geological Survey—Urbana, 1955. 


Rept. of Inv. 186. North American Paleozoic Chitinozoa. C. Cottrnson and 
H. Scuwatrs. Pp. 33; pls. 2; figs. 12. Chitinozoa, representing an extinct order 
of rhizopods, may become important stratigraphic indices. 

Rept. of Inv. 187. Chart for Metallurgical Coke. F.H. Reep, H. W. Jackman, 
and P. W. Hentine. Pp. 38; figs. 5; tbls. 13. 
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Centro de Documentacion Cientifica y Tecnica—Mexico, 1955. 
Boletin, Tom. IV, No. 10. Pp. 1779-1983. 
Boletin, Tom. IV, No. 11. Pp. 1987-2184. 


Missouri Geological Survey—Rolla, 1955. 


Stratigraphy and Paleontology of the Roubidoux Formation of Missouri. R. 
L. Herter. Vol. XXXV, 2nd Ser. Pp. 118; pls. 18; tbl. 1. 


The Geology of the Steelville Quadrangle, Missouri. H. E. Henprixs. Vol. 
XXXVI, 2nd Ser. Pp. 88; pls. 9; fig. 1. Geologic map, 1:9,600. 


Rept. of Inv. 18. The Geology of the Lebanon Quadrangle, Missouri. T. K. 
Searicut. Pp. 33; pls. 3; tbls. 2. 


Rept. of Inv. 20. Guide Book, Field Trip of the Second Annual Meeting, 
Assoc. Missouri Geologists. W.V.Sraricut. Pp. 44; figs. 21. 


Kansas Geological Survey—Lawrence, 1955. 


Bull. 114, Pt. 5. Fossil Jellyfishes from Kansas Pennsylvanian Rocks and 
Elsewhere. H. J. Harrtncton and R. C. Moore. Pp. 153-164; pls. 2. A new 
class of coelenterates, a new order, new genera and species are described. 

Bull. 114, Pt. 6. Geology of the Lost Springs Pools Area, Marion and Dickin- 
son Counties, Kansas. C. W. SHenxet, Jr. Pp. 165-194; figs. 8; pls. 4. 
Cumulative production exceeds ten million bbl. 


Bull. 114, Pt. 7. Physical Properties of Eastern Kansas Crude Oils. J. P. 
Everett and C. F. Weinauc. Pp. 195-221; figs. 6. The 453 samples are from 
fields producing by both primary and secondary recovery methods. 

Ontario Department of Mines—Toronto, 1955. 
Sixty-third Annual Rept., Vol. LXIII, Pt. 6. Geology of Monteagle and Car- 
low Townships. D. F. Hewitt. Pp. 78; figs. 14. Economic deposits of corun- 
dum, feldspar, graphite, and nepheline syenite no longer have commercial interest. 
Geologic map, 1:31,680. 
Sixty-third Annual Rept., Vol. LXIII, Pt. 7. Geology of Godfrey Township. 
Netson Hocc. Pp. 55; figs. 28. Production of metals has not been achieved 
despite along history of active prospecting. Geologic map, 1:12,000. 


U. S. Geological Survey—Washington, D. C., 1955. 


Prof. Paper 274-D. Characteristic Jurassic Mollusks From Northern Alaska. 
R. W. Imtay. Pp. 69-96; pls. 6; fig. k; thls. 4; chart 1. Price, 25 cts. Fossils 
in northern Alaska prove that the Lower, Middle, and Upper Jurassic series are 
represented but suggest that certain stages (or parts) are not. 


Bull. 1000-D. Geochemical Relations of Zinc-bearing Peat to the Lockport 
Dolomite, Orleans County, New York. H.L. Cann. Pp. 119-185; pls. 6; figs. 
5; thls. 13. Price, $1.00. Geochemical exploration suggests occurrence of min- 
eralized beds in dolomites underlying peat. 


Bull. 1007. Geology of the Uinta River-Brush Creek Area, Duchesne and 
Uintah Counties, Utah. D. M. Kinney. Pp. 185; pls. 6; figs. 13. Price, $3.50. 
Bull. 1009-J. Criteria for Outlining Areas Favorable for Uranium Deposits in 
Parts of Colorado and Utah. E. J. McKay. Pp. 265-282; pls. 2; fig. 1. Price, 


55 cts. Discrete regional patterns of ore deposits are associated with Cenozoic 
structures. 
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Bulli. 1021-D. Hawaiian Volcanoes During 1953. G. A. Macpona.p and J. P. 
Eaton. Pp. 127-166; figs. 7; tbls. 10. Price, 20 cts. Hawaiian volcanoes re- 
mained dormant during 1953. 


Bull. 1027-C. Dolomite Deposit Near Marble, Stevens County, Washington. 
Cares Deiss. Pp. 119-141; pls. 2; figs. 10; tbls. 2. 

Bull. 1031-A. Geologic Investigations of Proposed Power Sites at Cooper, 
Grant, Ptarmigan, and Crescent Lakes, Alaska. Grorce Priaker. Pp. 23; 
pls. 4; fig. 1; tbl. 1. Price, $1.00. Four geologic maps. 


Bull. 1032-A. Uranium Deposits in the Eureka Gulch Area, Central City 
District, Gilpin County, Colorado. P. K. Sims, F. W. Osterwa.p, and E. W. 
Tooxer. Pp. 31; pl. 1; figs. 2; thls. 2. Price, 50 cts. Pitchblende is a primary 
vein mineral deposited from U-bearing hydrothermal solutions. Area warrants 
additional exploration as a possible source of ore. 


Bull. 1033-C. Geophysical Abstracts 162, July-September, 1955. M. C. Ras- 
Bitt, D. B. Vrirarrano, S. T. VESSELOWSKY, AND OTHERS. Pp. 139-209. Price, 
25 cts. 


Bull. 1024-C. Radioactivity Investigations at Ear Mountain, Seward Penin- 
sula, Alaska, 1945. P. L. Kirieen and R. J. Orpway. Pp. 59-94; pls. 2; fig. 1; 
tbls. 4. Price, 40 cts. 


Water-Supply Paper 1199. Quality of Surface Waters of the United States, 
1951. Pts. 7-8. Lower Mississippi River Basin and Western Gulf of Mexico 
Basins. Pp. 490; fig. 1. Price, $1.75. 


Water-Supply Paper 1200. Quality of Surface Waters of the United States, 
1951. Pts. 9-14. Colorado River Basin to Pacific Slope Basins In Oregon 
and Lower Columbia River Basin. Pp. 285; fig. 1. Price, $2.00. 
Water-Supply Paper 1274. Surface Water Supply of the United States, 1953. 
Pt. 2-B. South Atlantic Slope and Eastern Gulf of Mexico Basins, Ogeechee 
River to Pearl River. Pp. 393; figs. 3. Price, $1.25. 


Water-Supply Paper 1276. Surface Water Supply of the United States, 1953. 
Pt. 3-B. Cumberland and Tennessee River Basins. Pp. 287; figs. 3. Price, 
$1.00. 

Water-Supply Paper 1284. Surface Water Supply of the United States, 1953. 
Pt. 10. The Great Basin. Pp. 227; figs. 3. Price, $1.00. 

Water-Supply Paper 1285. Surface Water Supply of the United States, 1953. 
Pt. 11. Pacific Slope Basins in California. Pp. 575; figs. 3. Price, $1.75. 
Water-Supply Paper 1357. Computations of Total Sediment Discharge, Nio- 
brara River Near Cody, Nebraska. B. R. and C. H. Pp. 187; 
pls. 7; figs. 51; tbls. 37. Price, 70 cts. 


Water-Supply Paper 1362. Quality of Surface Waters for Irrigation, West- 
ern United States, 1952. Pp. 179; pl. 1. Price, 75 cts. 
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SCIENTIFIC NOTES AND NEWS 


Rogert M. Dreyer, special geologist, exploration department, for the past two 
years, has been promoted to chief geologist, Kaiser Aluminum & Chemical Corp. 

Davin St. Carr, consulting geologist, has returned to his office in Durham, 
Conn., after completing examination work in Newfoundland. 

J. B. SHannon has been appointed Mine Manager for Reeves MacDonald 
Mines, Ltd., Remac, B. C. 

C. Puitie Jenney, formerly assistant manager, exploration department, the 
American Metal Co., New York, has returned to Toronto. After the first of the 
year, he will open a consulting office at 372 Lakeshore Highway West, Oakville, 
Ont. 

Ricnwarp L. ScuuMacuer, geologist, The New Jersey Zinc Co., Friedensville, 
Pa., is now with the Manu-Mine Research & Development Co., Reading, Pa. 

Rosert G. Brarr, geologist, U. S. Atomic Energy Commission, has been trans- 
ferred from Grand Junction, Colo., to Austin, Texas. 

Samuet C. Fatt is resident geologist, Groundhog Unit, American Smelting & 
Refining Co., Vanadium, N. M. Mr. Fall was formerly engineer for Asarco at 
Tucson, Ariz. 

WeEtpon P. ZuNpeEt has joined the Anaconda Co., Grants, N. M. Mr. Zundel 
was formerly geologist, American Potash & Chemical Corp., Trona, Calif. 

W. E. CocxFie.p, since 1912 on the staff of the Geological Survey of Canada 
and for the past twenty-five years in charge of the British Columbia office of the 
Survey, has retired, effective October Ist, 1955. For at least another year, how- 
ever, he will continue working on special projects for the G.S.C. He is succeeded 
in the British Columbia office by J. E. Armstronc, who joined the Survey staff 
in 1935. 

C.iaupe K. Howss, for twenty-one years chief geologist with the Department of 
Mines and Resources, Newfoundland, and latterly Deputy Minister of Mines, has 
resigned from the government service, and has joined the British Newfoundland 
Corp., Ltd., as chief geologist with headquarters in St. John’s. 

J. W. Stix and A. R. Stitt have become associated in the firra of Still & Still, 
consulting mining engineers and geologists at Prescott, Ariz. 

Norman S. HincueEy, associate professor of geology at Washington Univer- 
sity, has been named chairman of the department effective December Ist. He has 
been vice-chairman of the department since December, 1952. 

Lewis L. Strauss, chairman of th U. S. Atomic Energy Commission, announced 
that a system of competitive bidding will be instituted for leasing uranium deposits 
developed by the AEC on withdrawn public lands and certain other areas under 
AEC control. Lands affected include those originally purchased by the Manhattan 
Engineer District and subsequently transferred to the AEC, and public lands with- 
drawn from mineral entry at the request of the AEC for exploration purposes. The 
AEC does not contemplate extensive leasing of AEC-controlled lands in the near 
future. The uranium deposits on these lands constitute a reserve to be drawn 
upon as required. Since ore producticn from privately-owned properties is being 
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maintained at a high level, it is unlikely that more than a few deposits will be 
offered for lease in the near future. 

Tue Cameroons SuRvEY announces it would like to effect an exchange of 
publications with any U. S. organizations willing to enter into such a proposition. 
Any interested parties can communicate with the Director, Direction des Mines et 
de la Geologie, Boite Postale 70, Yaounde, French Cameroons, Africa. 

Rosert R. Surock, professor of geology, Massachusetts Institute of Technology, 
Cambridge, will become president of the Society of Economic Paleontologists and 
Mineralogists on April 26, 1956. Serving with him on the Council will be F. J. 
Petri1joun, Johns Hopkins University, Baltimore, Md., as past-president ; RicHArD 
V. Hotiincswortn, Paleontological Laboratory, Midland, Texas, as vice-presi- 
dent; Samuet P. Extison, Jr., University of Texas, Austin, as secretary-treasurer ; 
W. M. Furnisu, Iowa State University, Iowa City, as editor of the Journal of 
Paleontology; and Jack L. Hoven, University of Illinois, Urbana, as editor of the 
Journal of Sedimentary Petrology. 

Joun L. Ricu retired as head of the Department of Geology and Geography 
at the University of Cincinnati and is now Professor Emeritus. Wuti1am F. 
Jenxs became head of the department on September 1, 1955, after nine years at 
the University of Rochester. 

Takeo SAKAmorto has been sent by UNESCO to Brazil where he will remain 
until next August. Professor CALAMUR MAHADEVAN, from India, is his colleague 
there. 


Paut T. ALLSMAN of Kensington, Md., was named chief mining engineer of 
the Bureau of Mines. 

ALLEN O. GAmBte has been appointed Project Director of the National Register 
of Scientific and Technical Personnel in the National Science Foundation. 

W. P. Jounston, former field geologist for the New Jersey Zinc Co., has set 
up a mining geology consulting practice in Reno, Nevada. 

Rosert A. Mackay recently visited various British West African colonies and 
returned to England just before Christmas. 

G. A. SCHNELLMANN has recently visited Jordan in connection with further 
development of phosphates and returned to England in December. 

Two predoctoral fellowships are offered jointly by the GeopHysicaL LABorA- 
ToriEs of the CARNEGIE InstiTUTION, Washington, D. C., and the Jouns HopxKIns 
University, Baltimore, Maryland. The fellowships cover a 2 to 3 year period. 
The stipend for the first academic year is $2400. During this year the fellowship 
holder is chiefly engaged in course work at the University. Starting with the 
second year he will normally spend most of his time at the Geophysical Laboratory 
working on a problem for his dissertation. Duration of this period is variable and 
may amount to approximately two years. The stipend for this period starts at $200 
per month plus provision for University tuition and is increased to $225 per month 
during the concluding period of tenure. 

Application for the fellowship, supported by transcripts and recommendations, 
must be sent to Professor Ernst Cloos, Geology Department, The Johns Hopkins 
University, Baltimore 18, Maryland, prior to March 1. 

Pup D. Witson, mining consultant, has removed his office to Lehman 
Brothers’ new building at 9-11 South William Street, New York 4, N. Y. 

Tue DEPARTMENT OF GEOLOGY AND GEOPHYSICS AT THE MAssAcuusetTts IN- 
STITUTE OF TECHNOLOGY and the GropHysicAL LaBorATory of the Carnecie In- 
STITUTION OF WASHINGTON have announced plans for a joint fellowship program 
for research in theoretical and experimental geology. The research will be funda- 
mental in character. But its new knowledge may in the end, for instance, lead to 
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a better understanding of the causes of earthquakes, conditions in the earth’s in- 
terior, and possibly the location of deep and now-unknown mineral and oil deposits. 
The work will be carried on by the award of pre-doctoral fellowships to be known 
as the VANNEVAR BusH FELLOWSHIPS IN EaArTa ScIENCEs, named in honor of 
Dr. Bush, former dean and vice-president of M.I.T., and more recently president of 
the Carnegie Institution of Washington, who retired in December. Under the new 
program, M.I.T. will provide training and guidance in theoretical interpretation 
while the Carnegie Institution of Washington will make available its experience 
and facilities in experimental geology, and a generous part of the financial support 
for the project. 

Tuomas B. Notan has been appointed by President Eisenhower to succeed 
William E. Wrather as Director of the Geological Survey. He took the oath of 
office as Director on January 27, 1956. He has been Assistant Director since De- 
cember, 1944. Dr. Nolan is a graduate and Ph.D. of Yale University and has been 
a member of the Geological Survey since his appointment as junior geologist in 
1924. He received the Spendiaroff Award of the XVI International Geologic 
Congress in 1933, and the K. C. Li Gold Medal and $1,000 Prize in 1954. He is 
the past president of the Society of Economic Geologists and a member of all the 
learned geological societies. 

J. W. Srrxt has resigned as general superintendent, Miami Copper Co., to join 
with his son, Arthur R. Still, in the consulting mining engineers and geologists firm 
of Still & Still, Prescott, Ariz. 

W. P. Jounston, former field geologist for the New Jersey Zinc Co., has set 
up a mining geology consulting practice in Reno, Nevada. 

Frep Hatey, who resigned as mining manager and engineering geologist for 
Wyoming Uranium Corp., has become associated with Ralph Thurston, Lander, 
Wyoming, consulting geologist. The partnership will maintain offices in Lander 
as Thurston & Haley. 

Joun Fox has been appointed assistant manager of the mining division, mining 
and exploration department, American Metal Co., Ltd., New York City. 

Rosert M. Dreyer, exploration department, Kaiser Aluminum & Chemical 
Corp., is chief geologist for the department at Oakland, California. 

Rosert L. Squires is geologist, Western Gold & Uranium Inc., Leeds, Utah. 
Mr. Squires was formerly with Cyprus Mines Corp., Tucson, Ariz. 

Vernon T. Dow has joined the staff of Norbute Corp. as manager of the Ring- 
tail uranium mine, Colorado. For the past four years Mr. Dow has been chief 
engineer, Colorado Exploration Project in Uranium, U. S. Geological Survey, 
Grand Junction. Before joining the USGS he was associated with Miami Copper 
Co., Kennecott Copper Corp., and Sunshine Mining Co. Assotr CHARLES has 
also joined Norbute Corp. and will manage the Western Mining Div. Mr. Charles 
is a consulting engineer of Oakland, California. He spent three years with the 
Union Mines Development Corp., which was under contract with the Manhattan 
Project during World War II for mapping uranium resources of the Colorado 
Plateau. 

Hous M. Dote is director, Oregon State Dept. of Geology and Mineral In- 
dustries, Portland. Mr. Dole has been with the department since 1946 and was 
made acting director in November 1954. 

Anprew V. Balrey is now mining development and production engineer, U. S. 
Geological Survey, Miami, Okla. Mr. Bailey was with Woodward Iron Co., Wood- 
ward, Ala. 

Tuomas L. Kes.er, chief geologist, Foote Mineral Co., Kings Mountain, N. C., 
recently returned from the third of a series of trips to the lithium-ore districts of 
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Canada. These districts include parts of Quebec, Ontario, Manitoba, and North- 
west Territories. 

Ratpx H. Kino, consulting geologist, Lawrence, Kansas, has accepted the 
position of technical editor for the State Geological Survey, University of Kansas. 
Since 1952 he has been an instructor in paleontology and a research geologist at 
the University of Kansas. 

Rozert E. Sairn is geological engineer, Schlumberger Well Surveying Corp., 
Kermit, Texas. Mr. Smith was formerly with Miami Copper Co., Miami, Ariz 

Joun W. HarsHparcer is district geologist, Arizona District, Ground Water 
Branch, USGS, Tucson, Ariz. Mr. Harshbarger has been transferred to Tucson 
from Holbrook, Ariz. 

Spencer S. SHANNON, Jr., is geologist, U. S. Atomic Energy Commission, 
Rawlins, Wyo. Mr. Shannon was formerly commodity industry analyst, U. S. 
Bureau of Mines, Washington, D. C. 

Ricuarp D. Ettett, geologist, National Lead Co., Grand Junction, Colo., was 
recently in Argentina examining mineral deposits. 

Guerpon E. Jackson is now resident mining engineer, Arizona operations, 
Thornburg Bros., Grand Junction, Colo. Mr. Jackson was mine superintendent, 
Golden Crown Mining Co., Grand Canyon, Ariz. 

James H. Eastman is field engineer, Pato Consolidated Gold Dredging Ltd., 
Barranquilla, Colombia. 

Cuar_es C. Tow.e, formerly chief, Denver Exploration Branch, Div. of Raw 
Materials, Atomic Energy Commission, has joined The American Metal Co., Ltd., 
Denver. Mr. Towle will be in charge of Western exploration activities. 

D. R. pe VLetrer resigned from the Nickel Processing Corp., Nicaro, Oriente, 
Cuba, last October. After a short stay in Holland Mr. de Vletter joined the geo- 
logical staff of International Nickel Co. of Canada, Copper Cliff, Ont. 

ArTHUR Homes, professor of geology at the University of Edinburgh, has been 
awarded the Wollaston Medal of the Geological Society of London for his world- 
wide interests in petrology and petrogenesis and the application of radioactivity 
to the problems of geological time. 

F. M. Trotter, assistant director of the Geological Survey of Great Britain, 
has been awarded the Murchison Medal of the Geological Survey of London for his 
studies of the structure and stratigraphy of the carboniferous rocks of England and 
Wales, especially in relation to coal and iron. 

H. R. Tatnsu, chief geologist of the Burmah Oil Company, has been awarded 
a moiety of the Lyell Fund of the Geological Society of London for his research 
on the geology and oil resources of Burma. 

Tue NaTIonaAL Science FounpaTion and the CARNEGIE INSTITUTION OF 
WASHINGTON sponsored a conference on theoretical geophysics, February 1-3, 
1956, which sixty or more leading geophysicists attended. The conference was 
called to consider the current status of knowledge in theoretical geophysics in this 
country and abroad and to encourage further activity in the field. There was dis- 
cussion of such subjects as oceanography, meteorology, upper atmospheric motions, 
origin and history of the earth, radiocarbon dating, geomagnetism, cosmic rays, etc. 
The conference also considered ways and means in which the Government in gen- 
eral, and the National Science Foundation in particular, may help to further re- 
search in theoretical geophysics. The chairman was Dr. John von Neumann, of the 
Institute of Advanced Study, Princeton, and member of the U. S. Atomic Energy 
Commission. The vice-chairman was Dr. E. H. Vestine, Department of Terres- 
trial Magnetism, Carnegie Institution of Washington. 
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POLARIZING microscopes 
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In such fields as geology, mineralogy, 
petrography, coal research, plastics, bi- 
ology, chemistry and biochemistry, there 
is a Leitz POLARIZING Microscope de- 
signed to meet every requirement. No 
other manufacturer offers such a wide 
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Leitz polarizing 
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e Rapid clutch changer and centering 
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e Large substage illuminating 
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